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COMPLICATIONS OF CLOSED INTRAPLEURAL PNEUMONOLYSIS! 
JOSEPH GOORWITCH? 


INTRODUCTORY STATEMENT 


From a previous study of complications and results of the early postoperative 
period (first month) in a small series of patients subjected to pneumonolysis, 
the impression gained was that, with the exception of obliterative pleuritis, 
the great majority of complications attributable to the operation occurred within 
the first postoperative month. As this was a clinical impression not based on 
long experience or statistical findings, a review of the records of all patients 
subjected to closed intrapleural pneumonolysis at Olive View Sanatorium up to 
September, 1941 was undertaken. This study, therefore, is based largely on a 
review of patients’ records and to a much lesser extent on personal observations. 

In most of the statistical data presented here the basis for calculations, unless 
otherwise stated, is the total number of operations, 413, rather than the total 
number of patients, 365. Percentages are given in whole numbers disregarding 
fractions as not essential. 


PREOPERATIVE STATUS 
Infiltration in the homolateral lung 
271 (66 per cent) 
121 (30 per cent) 


Fibrotic 18 (4 per cent) 
Undetermined 


413 (100 per cent) 


X-ray evidence of cavitation in the homolateral lung 
Demonstrated 316 (77 per cent) 
Undemonstrated 84 (20 per cent) 
Undetermined 13 (3 per cent) 


413 (100 per cent) 


Size of pulmonary cavities 
(the greatest dimension) 


0.5 to 8 cm. 
em. 


155 (49 per cent) 
121 (38 per cent) 
40 (13 per cent) 


316 (100 per cent) 


1 From the Olive View Sanatorium, Olive View, California. 

2 852 Hagar Street, San Fernando, California. 

’ Read before the Clinical-Pathological Conference of the Olive View Sanatorium in 
September, 1942. A follow-up study to be reported at a later date. 
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Homolateral pleural effusions 
(excluding minimal effusions occupying bottom of costophrenic sinus) 


34 (85 per cent) 
Onset of effusion 
5 (12 per cent) 
40 (100 per cent) 
Tubercle bacilli in the pleural fluid 


Homolateral obliterative pleuritis 
(with positive intrapleural pressures) 


46 (11 per cent) 

413 (100 per cent) 
Duration of pneumothorax 

2 to 36 months 


Tubercle bacilli in sputum 
(bilateral source frequent) 


130 (31 per cent) 

Fever 


(at the time of operation) 
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CLOSED INTRAPLEURAL PNEUMONOLYSIS 


Between January, 1930 and September, 1941 a total of 373 lungs in 365 pa- 
tients was subjected to a total of 413 intrapleural pneumonolyses by four suc- 
cessive operators (none by the writer). 


Operation Number of patients 


* This column does not add up to 365 because of several patients who were subjected to 
bilateral and multiple stage operations. 


Duration of operation 
(for 398 operations for which it was recorded) 


In anticipation of a correlation between the type of operation and complica- 
tions, all operations were classified as follows: complete pneumonolysis is one 
involving complete freeing of all adhesions attached to the involved pulmonary 
lobe; incomplete is one involving complete freeing of only some of the adhesions 
attached to the involved lobe; and finally, partial pneumonolysis is one involving 
partial freeing of all or some of the adhesions. 


Type of operation 


125 (30 per cent) 
150 (36 per cent) 
Operative technique (2-cannulae) 
185 (45 per cent) 
Year of operation 
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POSTOPERATIVE INSTITUTIONAL FOLLOW-UP 


The status of these 365 patients as of January, 1943 was as follows: 


319 patients, or 87 per cent, discharged; earliest discharge in March, 1931 
17 patients, or 5 per cent, still at Olive View Sanatorium . 
29 patients, or 8 per cent, died at Olive View Sanatorium 


The postoperative stay at the Sanatorium, with the exception of the patient 
who died two hours after operation, ranged from two weeks to five years and 
averaged sixteen months. This is shown in greater detail in the following 
tabulation: 


At Sanatorium for less than two months following 13 operations (4 deaths) 

At Sanatorium for less than six months following 61 operations 

At Sanatorium for less than ten months following 134 operations (32 per cent) 
At Sanatorium for ten to twenty months following 147 operations (36 per cent) 
At Sanatorium for over twenty months following 132 operations (32 per cent) 


During the postoperative stay of these patients at the Sanatorium pneumo- 
thorax had been supplemented by phrenic nerve interruption in many cases, 
and converted into oleothorax or abandoned and thoracoplasty substituted in a 
smaller number of cases; contralateral lung disease was treated as indicated. 


ALL POSTOPERATIVE COMPLICATIONS (INTRAMURAL) 


One hundred and forty pneumonolyses, or 34 per cent, were followed by an 
afebrile and entirely uneventful course and the remaining 273 operations, or 
66 per cent, developed one or more complications, some attributable and others 
non-attributable to the operation. Thus for the sake of completeness all com- 
plications that occurred during the entire postoperative stay of these patients 
at the Sanatorium were included. It should be pointed out that most of the 
statistical data to follow were based on the total number of operative stages, 
masmuch as this is a study of operative and postoperative complications and 
each operative stage carries its own operative hazards. 

In table 1 no attempt to differentiate between complications attributable to 
the operation and not attributable to it was made. Obviously pulmonary tuber- 
culosis and pneumothorax have their complications in the absence of operative 
intervention too. All patients regardless of the duration of the follow-up period 
were included because only 13 patients of the entire series were observed less 
than two months and 4 of these died, in 4 others the only complication was fever 
and the remaining 5, observed for one month, were free of all complications. 
This table demonstrates that, regardless of the relationship of complications to 
the operation, the great majority of all but those characteristically slow in 
development (obliterative pleuritis, conversion of serous effusions into purulent 
ones and extension of pulmonary disease) make their appearance within the first 
twelve postoperative weeks. Whether or not this is also true of complications 
attributable to the operation will be shown in a subsequent table. 
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Fever 


Unless accompanied by other significant complications, fever is not a com- 
plication in the strict sense of the word, but is considered here only for the sake 
of completeness. Temperature of 100°F. and over was arbitrarily chosen in this 
study to designate fever of clinical significance as far as intrapleural surgical 
intervention is concerned. 

Accordingly, fever was present following 194, or 47 per cent, pneumonolyses 
and absent following 215, or 53 per cent, operations; it was present both before 
and after 4 operations. Immediate fever was noted following 181 operations 


TABLE 1 
Postoperative complications 
(both attributable and non-attributable to the operation) 
(413 pneumonolyses in 365 patients) 


INCIDENCE 
INTERVAL BETWEEN OPERA- 
TION AND COMPLICATION 
Within 
COMPLICATIONS After first 
Total First twelve 
First four | First eight 
Range Average twelve weeks 
weeks weeks 
0 to 8 weeks | Less than | 194 (47%) | 192 (99%) | 194 (100%) 0 0 
1 day 
Intrapleural haemorrhage. | 0 to 2 weeks 4 week 36 (9%) | 36 (100%) 0 0 0 
Spontaneous pneumo- 
1 day to 33 63 weeks 21 (5%) 14 (67%) | 16 (76%) | 17 (80%) | 4 (20%) 
weeks 
Serous effusion.............| 2 days to 90 10 weeks 97 (26%) | 47 (49%) | 59 (61%) | 72 (74%) | 25 (26% 
weeks 
Bronchopleural fistula... .. 1 to 38 weeks | 12 weeks 14 (4%) 5 (36%) 7 (50%) | 9 (64%) | 5 (36%) 
Obliterative pleuritis.......| 1 to 60 weeks | 13 weeks 85 (24%) | 28 (33%) | 49 (58%) | 58 (68%) | 27 (32%) 
Purulent effusion.......... 2 to 60 weeks | 164 weeks 31 (8%) 7 (23%) | 18 (42%) | 17 (65%) | 14 (45%) 
Extension of pulmonary 
ere oe 4 to 60 weeks | 21 weeks 28 (7%) 1 (4% 5 (18%) | 8 (29%) | 20 (71%) 
2 hours to 34 | 10 months} 29 (8%) 2 (7%) 4 (14%) | 5 (17%) | 24 (88%) 
years 


and maximum temperature ranged from 100° to 105°F. and averaged 103.°F. 
The distribution of various degrees of fever was as follows: 


Maximum fever* Incidence 


* Fractions of a degree were eliminated by substituting the nearest whole number; 
thus, 100.4° was recorded as 100° and 100.6° as 101°. 


The duration of continuous fever following these 181 operations ranged from 
one-third to forty weeks and averaged two and one-half weeks. 


In 42 per cent 


= 
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of these patients the duration of fever was only several days, in 71 per cent it 
was one week or less and in 29 per cent it was over one week. 

In searching for factors predisposing to postoperative fever it was found that 
among the febrile patients the incidence of preoperative pleural effusion and 
obliterative pleuritis was twice and one and one-half times, respectively, as 
great as among afebrile patients; partial and prolonged pneumonolyses were 
slightly more frequent among febrile patients. No relationship was discovered 
between postoperative fever, on one hand, and type of infiltration and duration 
of pneumothorax preoperatively, on the other hand. 


Intrapleural Haemorrhage 


Disregarding the loss of 1 to 2 ounces of blood during or following the opera- 
tion, intrapleural haemorrhage was recorded 36 times, an incidence of 9 per cent. 
The extent of the haemorrhage was as follows: 


Amount of blood lost Number of patients 


Slight 11 
300 cc. 5 16 (44 per cent) 
500 ec. 8 
1,000 ce. 8 16 (44 per cent) 
1,200 cc. 1 
1,500 ce. 2> 4 (12 per cent) 
3,000 cc. 1 


Of the 20 patients who lost 500 cc. of blood or more, 3 died and 17 survived. 
The postoperative clinical course and the cause of death in these patients are 
shown in table 2. It is apparent that the outcome of intrapleural haemorrhage 
depends more on the rate of blood loss and/or accompanying lung trauma than 
on the amount of blood lost per se; thus, injury to a subclavian vessel is rapidly 
fatal whereas one to an intercostal vessel is usually not. 

The relationship between intrapleural haemorrhage and preoperative pleural 
effusion and obliterative pleuritis was the same as that between postoperative 
fever and these preoperative complications of pneumothorax. No relationship 
was found between haemorrhage and the following: preoperative duration of 
pneumothorax, type of infiltration, duration and type of operation and opera- 
tive technique. 

Spontaneous Pneumothorax 


Spontaneous pneumothorax was observed following 21 operations, an incidence 
of 5 percent. In 6 of these it occurred within less than one week postoperatively. 

Total mortality in this subgroup was 10, an incidence of 48 per cent. In 5 
patients death was directly attributable to the operations, in one indirectly 
attributable to it and in the remaining 4 not due to the operation. It will be 
noted that the 5 patients who developed a bronchopleural fistula following 
spontaneous pneumothorax died, a mortality rate of 100 per cent, whereas of the 
remaining 16 patients without a fistula only 5 died, a mortality rate of only 
31 per cent. 


= wen 
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The relationship between this complication and the preoperative status and 
the operation itself was identical with that found for intrapleural haemorrhage. 
The size of the pulmonary cavities appeared to be unrelated to the incidence of 
spontaneous pneumothorax. 


Bronchopleural Fistula 


This complication was observed following 14 operations, an incidence of 4 
per cent. 

Total mortality in this subgroup was 11, a rate of 79 per cent; obviously this 
is a very serious complication. In 6 patients death was directly attributable to 
the operation, in 4 indirectly attributable to it and in the remaining one not due 
to the operation. Among the 5 patients in whom spontaneous pneumothorax 


TABLE 2 
Clinical course following haemorrhage 
tend yon OTHER POSTOPERATIVE COMPLICATIONS STATUS AT DISCHARGE 
cc. 
500 5 
3,000 7 6 None except fever 
500 2) Fever and one or more of the following: Survived 
1.000 - serous effusion, spontaneous pneumo- 
1 200 1 11 thorax, bronchopleural fistula, exten- 
. sion of pulmonary tuberculosis, obliter- 
1,500 1 
ative pleuritis 
Fever, spontaneous pneumothorax, bron- 
chopleural fistula, mixed tuberculous | Died two hours 
500 1 
empyema, extension of pulmonary tu- to six weeks 
berculosis postopera- 
1,000 1? 3 Spontaneous pneumothorax tively 
1,500 1 Shock 
20 


preceded the fistula the mortality rate was 100 per cent, whereas among the 9 
patients in whom fistula was not preceded by spontaneous pneumothorax the 
mortality rate was 67 per cent. A plausible explanation of this difference may 
be the more overwhelming pleural infection in cases in which fistula formation 
is preceded by a spontaneous pneumothorax. 

In contrast to the subgroup of spontaneous pneumothoraces, partial pneumo- 
nolysis was found to have beén employed almost twice as frequently in the sub- 
group of bronchopleural fistulae as in the entire series of 413 operations. The 
incidence of preoperative pleural effusion was almost twice as great as in the 
entire series of 413 operations; the average duration of the operation and the 
size of the pulmonary cavities were only slightly greater. The type of infiltra- 
tion, obliterative pleuritis, the average duration of pneumothorax preoperatively 
and the operative technique showed no relationship to this complication. 
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Pleural Effusions 


The total number of pleural effusions occurring postoperatively only, that is, 
patients free of preoperative effusions, was 106 (97 serous and 9 primarily 
purulent), an incidence of 28 per cent. Since transient pleural effusions are 
generally considered of no clinical significance and there were 48 of these, the 
remaining 58 persistent effusions are the only significant ones and constitute 
an incidence of 15 per cent. 

In this subgroup the mortality rate was 13 per cent (14 dead: 2 serous and 
12 purulent) as compared to a mortality of 4 per cent (11 dead) following the 
267 pneumonolyses neither preceded nor followed by effusion. Of the 14 dead 
with effusion, death was directly attributable to the operation in 6, indirectly 
in 5 and not attributable to the operation in 3. This is in contrast to the non- 
effusion group in which none of the deaths were attributable to the operation. 
This, as well as the higher mortality rate in the effusion subgroup, is probably 
explainable, in part at least, by the association of persisting effusions with the 
more serious complications, such as spontaneous pneumothorax and broncho- 
pleural fistula. 

Analysis of this effusion subgroup of 106 patients for evidence of relationship 
between this complication and various factors in the preoperative status of 
these patients and the operation itself revealed that none existed. However, a 
definite relationship was found if only the 58 patients with persistent effusions 
(49 serous, of which 22 became purulent, and 9 primarily purulent) were con- 
sidered. Here exudative infiltration was found one and one-half times as fre- 
quently as among the 48 patients with transient effusions. This observation 
confirms the generally held opinion that exudative lesions are more likely to 
become complicated by a persistent effusion than fibrotic or mixed lesions. 

The postoperative fate of the 40 effusions present preoperatively was as fol- 
lows: 9 disappeared almost immediately after the operation, 14 persisted and 
the remaining 17 proved to be of a transient nature postoperatively. 


Serous Effusions 


Serous effusion was observed following 97 operations in patients free of effusion 
preoperatively, an incidence of 26 per cent. By disregarding the 48 transient 
effusions the incidence is reduced to 13 per cent. Twenty-two of the 49 per- 
sistent effusions became purulent. The interval between operation and onset 
of effusion was identical in the transient and persistent effusions. 


Purulent Effusions 


Purulent effusion was observed following 31 operations in patients free of 
purulent effusion preoperatively, an incidence of 8 per cent. The status of 
these patients was as follows: 


Purulent effusion postoperatively and not preceded by serous effusion... 9 
Purulent effusion postoperatively and preceded by postoperative serous 31 


INTRAPLEURAL PNEUMONOLYSIS 213 


Bacteriological examination of postoperative pleural effusions: The total number 
of specimens examined was much greater than the number of patients from whom 
they were aspirated. Some of the effusions examined were from patients with 
effusion preoperatively as well as postoperatively. 

Pleural fluid was examined for tubercle bacilli following 121 operations and 
the bacilli were demonstrated by smear and/or culture following 72 operations, 
or in 60 per cent, and not demonstrated by smear and/or culture following 49 
operations, or 40 per cent. The smear was positive in 30 per cent of the 121 
effusions and the culture in 77 per cent of the 94 effusions thus examined. These 
findings are in accord with previous observations in a smaller series of pa- 
tients (13). 

Following 113 operations the pleural effusion aspirated was examined for 
pyogens and these were demonstrated by smear and/or culture in 8 and not 
demonstrated in 105. All those positive for pyogens were purulent and in most 
of them the pus was thick. 


Obliterative Pleuritis 


Obliterative pleuritis with positive intrapleural pressures was observed follow- 
ing 85 pneumonolyses without preoperative evidence of pleuritis, an incidence 
of 24 per cent. Even after taking in account the greater duration of the post- 
operative follow-up as compared with the preoperative duration of pneumo- 
thorax, the postoperative incidence of obliterative pleuritis remains dispropor- 
tionately high. 

This complication was found associated with pleural effusion pre- and post- 
operatively twice as often as without it. Otherwise, no relationship was found 
between obliterative pleuritis postoperatively and the other factors in the pre- 
operative status of the patients or in the operation itself. 


Extension of Pulmonary Disease 


Extension of pulmonary disease, homolateral in one and contralateral in 27, 
was observed following a total of 28 operations, an incidence of 7 per cent. Fol- 
lowing the remaining 385 operations, this complication did not occur following 
363 operations and no data regarding this complication were obtainable follow- 
ing 22 operations. 

The duration of the operation and the incidence of exudative infiltration were 
one and one-third times greater in this subgroup than in the entire series of 413 
operations. The other operative and preoperative features in this subgroup 
bore no relationship to the complication. 

Mortality in this subgroup was 39 per cent. Spontaneous pneumothorax or 
bronchopleural fistula occurred in 7 of the 11 patients who died. A total of 11 
patients in this subgroup had spontaneous pneumothorax and/or bronchopleural 
fistula and 7 died, a mortality of 64 per cent. Of the remaining 17 patients free 
of spontaneous pneumothorax and/or bronchopleural fistula only 4 died, a 
mortality rate of 24 per cent, suggesting that extension of disease resulting from 
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continuous and massive spilling of infected contents of the pleural space is more 
serious than that developing in the absence of a bronchopleural communication. 


Chest Wall Involvement 


Data regarding this complication were inadequate and for this reason ex- 
cluded from this study. 
ANALYSIS OF DEATHS 
Deaths Directly Attributable to Operation 
Massive intrapleural haemorrhage accounted for 2 deaths, one, two hours 
and the other, two weeks postoperatively; in both cases pneumonolysis was 
partial. 


TABLE 3 
Cause of death and its relationship to pneumonolysis 


9" 
Intrapleural haemorrhage......... 2) Death directly attribut- 
Bronchopleural fistula and extension of pulmonary 9 ; 
: able to the operation 
Cerebral lipiodol 
Cardiac failure following thoracoplasty............... 1 
Bronchopleural fistula and empyema following con- | Death indirectly attsib- 
. utable to the operation 
Empyema and progression of pulmonary tubercu- 
Empyema and pulmonary haemorrhage.............. 1 
Contralateral spontaneous pneumothorax............ 1 
1 
Pulmonary haemorrhage and progression of pulmo- ost 
Progression of pulmonary tuberculosis............... 5 P 
Pulmonary and extrapulmonary tuberculosis......... 3 
Extrapulmonary 2 


Bronchopleural fistula with extension of pulmonary disease was responsible 
for 7 deaths in one and one-half to thirteen months postoperatively and an 
average of four and one-half months. Pneumonolysis was incomplete in one 
and partial in the remaining 6 patients. The postoperative complications in 
these 7 patients were as follows: fever from the first postoperative day on, 
spontaneous pneumothorax and/or serous effusion and/or purulent effusion (pure 
tuberculous or mixed). The interval between operation and these complications 
ranged from one day to five weeks; bronchopleural fistula was demonstrated in 
four to forty weeks and extension of pulmonary disease in ten to twenty weeks 
postoperatively, which does not necessarily mean that they were not demon- 
strable earlier. 

In this entire subgroup of 9 patients the preoperative duration of pneumo- 
thorax did not differ from that in the entire series of 413 operations; the size of 
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the pulmonary cavities ranged from 2 to 7 cm. and averaged 5 cm. which is 
almost twice the average for the entire series of 413 operations. The duration 
of the operation ranged from thirty to one hundred and eighty minutes and 
averaged ninety minutes which is almost one and one-half times greater than 
the average for the entire series of 413 operations. Partial pneumonolysis with 
the galvanocautery was employed in 8 of the 9 patients in this subgroup, unques- 
tionably a significant finding. 


Deaths Indirectly Attributable to Operation 


In this subgroup are included the deaths which were not directly due to the 
operation itself but which probably would not have occurred if the operation 
had not been followed by complications. 

Fatal cerebral lipiodol embolism occurred in one patient fifteen months after 
a partial pneumonolysis lasting two hours. The postoperative complications 
were: fever beginning on the first postoperative day and lasting ten months, 
serous effusion one week and mixed tuberculous empyema two weeks postopera- 
tively. Drainage of the empyema by rib resection and a three-stage thoraco- 
plasty resulted in closure of pulmonary cavity and sputum conversion. The 
fatal embolism was described as having occurred while lipiodol was being instilled 
into a residual chest wall sinus preparatory to taking roentgenograms. 

One patient died an operative cardiac death following a lower stage thoraco- 
plasty thirteen months following a partial pneumonolysis lasting seventy-five 
minutes. Complications following operation were: fever, beginning with the 
first postoperative day and lasting ten weeks, tuberculous empyema two weeks 
and bronchopleural fistula three weeks postoperatively; chest wall abscesses 
followed repeated aspirations of fluid; empyema was drained by rib resection and 
thoracoplasty was done some time later and was followed by death. 

Two patients died five to nine months postoperatively from bronchopleural 
fistula and empyema following conversion into oleothorax. 

Empyema and pulmonary haemorrhage accounted for one death and empyema 
with progression of pulmonary disease for one death, six months postoperatively. 
Pneumonolysis lasted less than one hour and was complete in one case and 
incomplete in the other. Postoperative complications were as follows: fever 
beginning with first postoperative day and lasting seventeen to twenty-four 
weeks, serous effusion one half to three weeks and empyema eight to twelve 
weeks postoperatively. Patent pulmonary cavitation and bronchopleural fistula 
were found at autopsy in both cases. 

In this subgroup of 6 cases pneumothorax existed preoperatively for three to 
twelve months and an average of six months; the size of the pulmonary cavities 
ranged from 1 to 5 cm. and averaged 3.5 cm. Electrosurgical technique was ~ 
used in all but 2 cases. 


Deaths not Attributable to Operation 


This subgroup of 14 patients consists of two types as far as cause of death is 
concerned: one patient died from contralateral spontaneous pneumothorax eleven 
months postoperatively and the remaining 13 patients died three to forty-two 
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months, an average of fourteen months, postoperatively from pulmonary tuber- 
culosis, massive pulmonary haemorrhage, extrapulmonary tuberculosis or a 
combination of these. Seven of these 13 patients were entirely free of post- 
operative complications and in the remaining 6 the onset of the first complica- 
tion was eleven to sixty weeks postoperatively. 

The duration of pneumothorax preoperatively, the size of pulmonary cavities 
and all other features of the preoperative period and the operation itself in this 
subgroup of 14 patients were identical with those in the entire series of 413 
operations. 


MULTIPLE OPERATIVE STAGES AND COMPLICATIONS 


In the 35 patients subjected to more than a single operative stage the interval 
between stages ranged from one to thirteen months and averaged four and one- 
quarter months. 

The incidence of postoperative complications in this subgroup was definitely 
though not strikingly greater following the second and third stages than follow- 
ing the first stage. This would seem entirely natural if it were realized that 
multiple stages are necessary only in the presence of extensive or difficult ad- 
hesions. 

EVALUATION OF COMPLICATIONS 


Without dividing complications into attributable and non-attributable to the 
operation, definite though not striking evidence is found to suggest that exuda- 
tive infiltration, large pulmonary cavities and prolonged and partial operations 
carry a slightly higher incidence of postoperative complications than mixed 
infiltration, smaller pulmonary cavities and complete pneumonolyses of short 
duration. Operative technique appears to be of no great significance, except 
that among the 9 patients who died as a direct result of the operation, galvano- 
cautery was employed in 8; however, in these 8 patients pneumonolysis was 
partial. 

Preoperative pleural effusion and, to a lesser degree, obliterative pleuritis 
appear to be instrumental in the pathogenesis of postoperative complications 
such as fever, intrapleural haemorrhage, spontaneous pneumothorax, broncho- 
pleural fistula and purulent effusion. It is likely that the presence of inflamma- 
tory pleural changes accounts for the greater difficulty in orientation as well 
as the execution of the operation with the subsequent complications most often 
due to injury of lung tissue (18). 

In attempting to evaluate the frequency and seriousness of complications due 
directly to the operation, one is confronted with the difficulty of distinguishing 
complications attributable to the operation from those attributable to the co- 
existing tuberculosis and pneumothorax. The following factors must be care- 
fully considered in studying the cause-effect relationship between pneumonolysis 
and a given complication; first, the time interval between the operation and the 
onset of the complication; second, the nature of the complication; third, what 
was done at the operation; and finally, the sequence of clinical events leading 
to the complication in question. 
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An admittedly incomplete review of the American and English literature of 
the last two decades on closed intrapleural pneumonolysis seems to indicate 
that most workers did not state their criteria of complications of pneumonolysis 
which they described and which they apparently regarded as attributable to 
the operation (2, 3, 4, 5, 6, 9, 10, 12, 16, 19, 20, 21, 25, 28, 29, 30). Others 
mentioned or discussed the time interval and the pathogenesis of delayed com- 
plications and their interrelationship. 

Jacobaeus (15) believed that empyema appearing later than one month post- 
operatively “may have developed independently” of the operation. Forsee (11) 
regarded spontaneous pneumothorax ‘‘several weeks” following partial pneumo- 
nolysis as attributable to the operation. Dufault and Laroche (8) considered 
tuberculous empyema occurring within sixty days of the operation as attributable 
to the operation. Peters and Cornish (24), in speaking of spontaneous pneumo- 
thorax occurring two months postoperatively, stated that ‘‘the pneumonolysis 
cannot necessarily be blamed for it.”” Alexander (1) points out that the patho- 
genesis of tuberculous empyema, both pure and mixed, is such that even when 
delayed for weeks postoperatively it may still be attributable to the operation. 
Drash (7) included empyemata occurring three or more months postoperatively 
only for the sake of completeness and did not regard them as attributable to 
pneumonolysis. In discussing Drash’s paper both Moore and Welles empha- 
sized the lack of relationship between pneumonolysis and spontaneous rupture 
of the lung six weeks or more and empyema three months or more postopera- 
tively. Smart (26) listed among complications of pneumonolysis empyemata 
occurring one month to two years postoperatively. Newton (23) included 
among postoperative complications of pneumonolysis those complications which 
occurred within the first three postoperative months and was able to report 
excellent results. Stemmerman and Tchertkoff (27) listed complications within 
the first five postoperative weeks as “‘in all probability related to the procedure,” 
but they also listed the complications occurring within the first eight weeks 
adding that “‘the complications considered were all that occurred up to two 
months.” Jones (17) included among postoperative complications a pyogenic 
empyema developing suddenly ten weeks postoperatively and tuberculous effu- 
sions developing ‘“‘many months following pneumonolysis.” 

Thus, judging by the recent literature there appears to be no unanimity in 
regard to criteria of postoperative complications attributable to pneumonolysis. 
Moore’s (22) table of collected postoperative complications in 2,043 patients 
reported by 38 operators, although definitely informative, probably does not 
tell the full story because of lack of a common basis for comparison and inter- 
pretation. 

Obviously, designating an arbitrary maximum time interval between opera- 
tion and onset of complication and classifying all complications occurring within 
this time as attributable to the operation and those occurring outside this time 
limit as not attributable to the operation is open to criticism. Such a scheme 
with four or eight weeks as the limit would include the very great majority of 
complications attributable to the operation, as this study demonstrates, but it 
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would also unreasonably and unjustly exclude a smaller number of complications 
attributable to the operation but which by their very nature are slow in de- 
veloping and in becoming clinically recognizable. An example of this would 
be a pneumonolysis followed by immediate fever and a persisting serous effusion 
which became purulent three or four months postoperatively, the patient finally 
dying of bronchopleural fistula six months postoperatively; the train of events 
suggests that the final complication causing death was, though delayed, defi- 
nitely associated with the operation and consequently attributable to it. The 


TABLE 4 


Comparison of the incidence of postoperative complications attributable and those 
not attributable to the operation 


INCIDENCE 
Both attributa- Non Attributable to the operation 
operation Total Over four weeks 
weeks 
194 (47%) 2 (1%) | 192 (46%) | 192 0 
Intrapleural haemorrhage..| 36 (9%) 0 36 (9%) 36 0 
Spontaneous pneumo- 
| Ser os 21 (5%) 6 (1%) 15 (4%) 14 | 1 (six weeks) 
Serous effusion............ 97 (26%) | 46 (12%) 51 (14%) 47 4 
(up to twenty- 
four weeks) 
Bronchopleural fistula... . . 14 (4%) 3 (1%) 11 (8%) 5 6 
(up to nineteen 
weeks) 
Obliterative pleuritis...... 85 (24%) | 44 (138%) 41 (11%) 28 13 
Purulent effusion.......... 31 (8%) | 15 (4%) 16 (4%) 7 9 
(up to twenty 
weeks) 
Extension of pulmonary 
tuberculosis............. 28 (7%) | 19 (5%) 9 (2%) 1 8 
29 (8%) | 20 (5%) 9 (3%) 2 7 
(up to thirteen 
months) 


bronchopleural fistula would be non-attributable to the operation if it occurred 
unpreceded by any other complications leading up to it and thus entirely isolated. 

It therefore appears that the train of events leading up to the complication in 
question is just as important as the time interval, the extent of the operation 
and the nature of the complication in determining its attributability to the 
operation. This line of thought was followed in this study. Among those 
attributable to the operation were included all complications occurring within 
the first four postoperative weeks (incidence of complications occurring within 
the first eight and twelve weeks postoperatively is given in table 1) as well as 
those occurring later but which, by their nature and sequence of events pre- 
ceding them, seemed to be reasonably certainly due to the operation. These 
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complications attributable to the operation are listed in table 4. Even among 
them there must be a few not related to the operation because if a large group 
of pneumothorax patients is observed for only as short a time as four weeks 
some complications of tuberculosis and pneumothorax will occur even in the 
absence of operative intervention. 


CONCLUSIONS 


Table 4 shows that the very great majority of complications attributable to 
pneumonolysis did occur in this series within the first four postoperative weeks, 
thus supporting an earlier impression. The exceptions are more apparent than 
real; bronchopleural fistula is often present for some time before it becomes 
clinically demonstrable, during which time there are a stationary amount of 
collapse and a diminished need for refills; most of the empyemata were serous 
fluids to start with and conversion to pus is frequently slow. Except in cases 
where bronchopleural fistula preceded the extension of pulmonary disease the 
latter was probably unrelated to the operation. Death following pneumonolysis 
is immediate only when due to massive haemorrhage and may obviously be de- 
layed for many weeks and yet be incontrovertibly attributable to the operation. 

Among other conclusions, which one is almost forced to draw from the data 
presented, are the following: 

(1) Closed intrapleural pneumonolysis is a major surgical procedure despite 
the fact that more recent reports reveal a diminishing incidence of serious com- 
plications and not because this survey shows more than a trifling incidence of 
serious complications. It is hoped that the recommendation that “most physi- 
cians working in tuberculosis” and without “experience in general surgery, or 
even thoracic surgery” be considered qualified to undertake this procedure (3) 
is not taken literally or seriously. 

(2) Partial and prolonged operations should be avoided, which amounts to 
refraining from beginning to free adhesions that are not entirely feasible unless 
there is reason to believe that beneficial results may be expected with partial 
freeing (18). 

(3) Earlier consideration of pneumonolysis is justifiable for three reasons: 
first, because preoperative pleural effusion and obliterative pleuritis mean a 
greater incidence of serious postoperative complications; second, because there 
is no evidence to suggest that early operation is followed by a greater incidence 
of complications; and finally, because earlier intervention will result in earlier 
conversion into effective collapse and earlier elimination of tubercle bacilli from 
the sputum and these are bound to be followed by a reduction in the incidence 
of complications arising from a positive sputum and a mechanically ineffective 
collapse. 

(4) It appears unnecessary to subject all pleural effusions complicating induced 
pneumothorax to routine examination for tubercle bacilli and nonpurulent effu- 
sions to routine examination for pyogens. Both in the present series and in a 
previous study (14), tubercle bacilli had been demonstrated in the majority of 
all pleural effusions and pyogens consistently not in nonpurulent effusions com- 
plicating induced pneumothorax. This attitude towards routine examination 
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for tubercle bacilli is further supported by the growing trend to consider all 
persistent effusions in the presence of pulmonary tuberculosis as tuberculous. 


SUMMARY 


The records of all patients subjected to closed intrapleural pneumonolysis by 
four successive operators (none by the writer) at the Olive View Sanatorium 
over a twelve-year period ending in September, 1941 were reviewed. The pre- 
operative status of the 365 patients, the 413 operations, the postoperative period 
of observation and the complications occurring during the entire stay of these 
patients at the Sanatorium are presented and discussed. 

All postoperative complications, the primary subject of this study, are ana- 
lyzed and classified into attributable and non-attributable to the operation. 
The great majority of complications regarded as attributable to the operation 
occurred within the first four postoperative weeks. Apparent, but not real, 
exceptions to this are discussed. 

Both this study and a partial review of the literature afford ample evidence 
in support of the following conclusions: closed intrapleural pneumonolysis should 
be regarded as a major surgical procedure, partial pneumonolysis is more likely 
to lead to complications than complete freeing of adhesions, earlier operation is 
not followed by a greater incidence of complications and, finally, routine exami- 
nation of serous pleural effusions for pyogens and both serous and purulent 
effusions for tubercle bacilli is superfluous in the presence of pulmonary tu- 
berculosis. 

SUMARIO 


Repasanse aqui las historias de todos los enfermos en que realizaron neumonoli- 
sis intrapleurales cerradas cuatro cirujanos sucesivos (ninguno de ellos el autor) 
en el Sanatorio Olive View, durante el docenio que terminé en septiembre de 
1941. Preséntase y disctitese el estado preoperatorio de los 365 enfermos, las 413 
operaciones, el periodo de observacién postoperatoria y las complicaciones que 
sobrevinieron durante la permanencia de los enfermos en el sanatorio. 

Analizanse todas las complicaciones postoperatorias que forman el tema 
principal del estudio, clasificAndose en imputables y no imputables a la interven- 
cién. La inmensa mayoria de las complicaciones consideradas como imputables 
a la operacién, tuvieron lugar en las primeras cuatro semanas postoperatorias. 
Disctitense las excepciones aparentes, pero no reales. 

Tanto este estudio como un repaso parcial de la literaura ofrecen amplio 
apoyo a las siguientes conclusiones: la neumonolisis intrapleural cerrada debe 
ser considerada como un procedimiento de cirugia mayor; la neumonolisis 
parcial es mas susceptible de producir complicaciones que el desprendimiento 
total de las adherencias; la operacién temprana no va seguida de un coeficiente 
mayor de complicaciones; y, por fin, el examen sistematico de los derrames 
pleurales serosos en busca de microbios pidgenos, y tanto de los derrames serosos 
como purulentos en busca de bacilos tuberculosos, resulta superfluo cuando 
existe tuberculosis pulmonar. 


Clerical assistance in handling the charts by the staff of the Record Office of the Olive 
View Sanatorium is hereby gratefully acknowledged. 
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EMPYEMA! 
Prophylaxis and Treatment 
A. B. DICKEY 


Empyema has been and remains a nightmare for those who treat tuberculosis. 
Tuberculous empyema and mixed empyema with underlying pulmonary tubercu- 
losis present the chief problems. 

Pyogenic empyema as a complication of artificial pneumothorax occurs but 
rarely. Its prevention lies chiefly in the aseptic administration of pneumothorax. 
Its treatment, like that of the pyogenic empyema so often following pneumonia 
or influenza, calls for adequate surgical drainage. Recovery follows either open 
or closed drainage, although the proponents of the two schools of thought on the 
method of drainage are rather dogmatic in their opinions. If such an empyema 
occurs during the course of pneumothorax treatment, it must be drained and 
drainage with rib resection is more satisfactory than intercostal drainage. One 
may resort to thoracoplasty after recovery from the pleural infection if further 
collapse therapy is needed to control the tuberculosis in the lung. 

Tuberculous empyema without pulmonary involvement also occurs but rarely. 
Such cases usuaily respond nicely to aspiration of the pus from the pleural space. 
Aspiration should be done frequently and without allowing air to replace the pus 
drawn off. As soon as the visceral and parietal pleural surfaces come in contact, 
usually these surfaces fuse, the pleural space is obliterated and no further proce- 
dures are called for. 

Empyema, sometimes tuberculous, but usually mixed, which complicates 
spontaneous pneumothorax should be handled in much the same manner as 
empyema that complicates artificial pneumothorax. 


DEFINITION OF TUBERCULOUS EMPYEMA 


Tuberculous empyema with underlying lung involvement presents a wide 
and varied problem. Various treatments are proposed. There is not even 
unanimity of opinion as to the definition of this condition. 

Woodruff believes that any turbid fluid in the presence of tuberculosis of the 
lung or any pleural fluid containing tubercle bacilli found on direct smear should 
be designated as turberculous empyema. Souto holds that only localized and 
well defined pleural pus should be called empyema. Various authorities place 
their definitions at various points between these two extremes, some even in- 
corporating clinical manifestations in their definitions. 

It is my belief that most pleural effusions are due to inflammatory and not 
mechanical factors, and, if search is made correctly, tubercle bacilli can be demon- 
strated by smear, culture or animal inoculation in the majority of cases. Never- 
theless, it is hard to accept clear, straw-colored fluid, even though containing 


1From the Department of Surgery, Arkansas Tuberculosis Sanatorium, State Sana- 


torium, Arkansas. 
2 Read before the Southern Tuberculosis Conference at Memphis, Tennessee, October 
5, 1942. 
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tubercle bacilli, as empyematous. Bacteria in the urine do not necessarily 
mean pyelitis. It is almost impossible, however, to draw the line where simple 
pleural effusion stops and empyema begins. An arbitrary cell count as the divid- 
ing line is not practical. 

For this discussion, tuberculous empyema will be defined as a sero-purulent 
or purulent pleural effusion in which tubercle bacilli can be demonstrated. 


INCIDENCE OF TUBERCULOUS EMPYEMA 


The incidence of tuberculous empyema closely parallels the degree of under- 
lying lung involvement. In a series of cases where pneumothorax is given for 
intensive, wide-spread tuberculosis, the incidence of empyema will be high. Also 
tuberculous empyema is much more prone to occur in pneumothorax cases where 
the collapse is mechanically unsatisfactory. Cutler states that tuberculous 
empyema occurs four times more frequently in such cases than in those in which 
the pneumothorax gives a mechanically satisfactory collapse. 

Coryllos believed that the most important factor in the pathogenesis of puru- 
lent effusion is the development of bronchopleural fistulae. 

A point often overlooked is that empyema is more prone to develop in those 
cases of tuberculosis which do not take the rest cure gracefully. Overexercise 
will aggravate tuberculosis of the pleura just as it will tuberculosis elsewhere. 

Once empyema develops, it is usually of far more concern as to the ultimate 
outlook of the patient than the tuberculosis in the lung. 

The percentage of cases of tuberculous empyema complicating artificial pneu- 
mothorax is given by various authorities as from 10 to 15 per cent. 

Tuberculous empyema and pneumonolysis: Tuberculous empyema following 
closed intrapleural pneumonolysis is not more frequent than in cases of pneumo- 
thorax without pneumonolysis. At the Arkansas Tuberculosis Sanatorium in 
1941, closed intrapleural pneumonolyses were done on 139 patients. To date, 
only 5 of these (3.6 per cent) have developed tuberculous empyema. Un- 
doubtedly this operation is responsible for some cases of empyema, but it pre- 
vents far more cases than it causes. 

On the other hand, the incidence of empyema following open extrapleural 
pneumonolysis is terrific. We can report a series of 24 operations of this type: 
9 (37.5 per cent) developed tuberculous empyema; of these 9 cases of tuberculous 
empyema, 4 eventually had a mixed empyema. Of the 5 cases that remained 
tuberculous empyema, one was cured by aspiration, 2 by extrapleural thoraco- 
plasty and 2 are dead. Of the 4 cases of mixed empyema, 2 are dead and 2 are 
unimproved, surgical drainage of the empyema cavity being the only procedure, 
it was felt, the patient would tolerate. 

We have abandoned this type of operation, except as a preparation for thora- 
coplasty. It should never be used for any other purpose. 


TREATMENT OF TUBERCULOUS EMPYEMA 


(1) Watchful neglect: Many cases of tuberculous empyema will for a while do 
very well indeed, if the pneumothorax is discontinued and the pleural space 
allowed to fill completely with the purulent material. Perhaps, after a long 
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period of time, the pus becomes sterile; there are such patients who have been 
symptom-free and working for years, but they are few and the majority of them 
will do nicely for a while until a bronchopleural or pleurocutaneous fistula de- 
velops. Then, one usually has to deal with a mixed empyema with its more 
profound problems and graver prognosis. 

Few cases recover under this type of treatment. 

(2) Aspiration: Repeated aspirations of the purulent fluid from the pneumo- 
thorax cavity control many cases of tuberculous empyema. In handling empy- 
ema by this method, the pleural space must be kept dry and aspiration should 
be done frequently. 

Before starting this regimen, it must be decided whether the lung is to be kept 
collapsed with pneumothorax or whether an effort is to be made to reéxpand the 
lung. If the underlying lung involvement is extensive, the pneumothorax can 
be maintained by replacing the aspirated material with air. Many such cases 
will dry up the fluid and run a smooth course thereafter, but there is an ever 
present danger of recurrence of the empyema. If the lung involvement is small, 
aspiration without replacement of air will gradually cause reéxpansion of the 
lung and obliteration of the pleural space. If necessary, thoracoplasty can be 
done later to control the tuberculosis in the lung. In some cases the effort to 
reéxpand the lung will fail because of a greatly thickened pleura. Aspiration 
should be done with a syringe, if possible at the costophrenic angle with the 
patient sitting upright. 

The use of a mechanical suction apparatus is to be condemned. A small 
rubber tube connection between syringe tip and needle often prevents excess 
trauma to the needle tract. If the aspirated material is not to be replaced with 
air, use of a two-way valve between needle and syringe is of value. Fluoroscopy 
gives invaluable aid in choosing the optimum site for aspiration. An 18 gauge 
needle is the size of choice, although the presence of fibrin may call for one of 
larger calibre. The larger the needle, obviously, the more danger there is in 
the formation of a pleurocutaneous sinus. 

(3) Aspiration and irrigation: Augmenting aspiration, pleural lavage has been 
recommended. Almost every drug of antiseptic quality in the Pharmacopoeia 
has been used. Normal saline, Dakin’s solution and Azachloramide are the 
most favored irrigating materials. However, the chief virtue in pleural lavage 
is in cleansing the pleura by mechanical action and irrigation following aspiration 
offers little benefit to the patient over aspiration alone. 

(4) Oleothorax: Oleothorax has its advocates. Codliver oil or gomenol are 
the favorite oils used. Some recommend aspiration of the pleural fluid and 
partial replacement with oil. Others completely fill the pleural space with oil. 
Some cases of tuberculous empyema respond to this treatment, but the danger 
of the formation of a pleurocutaneous sinus or bronchopleural fistula is present 
almost to the degree as when the pleural space is allowed to fill with empyemat- 
ous fluid. 

(5) Phrenic nerve interruption: Permanent paralysis of the diaphragm will 
often assist in the obliteration of the pleural space. 


EMPYEMA 225 


(6) Extrapleural thoracoplasty: This is the most effective operation used and is 
responsible for the best long-time results in treating tuberculous empyema. The 
thoracoplasty not only obliterates the pleural space, but collapses the diseased 
lung. As the stages of thoracoplasty are being done, the empyematous fluid 
should be aspirated frequently and the intrapleural pressure left highly negative. 
This not only hastens obliteration of the pleural space but also causes a more 
effective collapse by thoracoplasty by the pull on the chest wall from within. 

Patients with tuberculous empyema tolerate thoracoplasty as well or better 
than those without empyema. The surgeon may run into more difficulty in 
performing the operation because of the fibrosis around the ribs and the closeness 
and overlapping of the ribs. Almost invariably the chest on the empyema side 
has a diminished capacity. One might think that nature is calling attention to 
the fact that thoracoplasty is indicated. 

(7) Open drainage: Most pure tuberculous empyemata should not be drained 
surgically. The insertion of a tube inevitably leads to a mixed infection. How- 
ever, in certain rare instances, tube drainage should be done; for example, in the 
presence of a bronchopleural fistula preliminary to thoracoplasty. 

Tuberculous empyema has been cured by all of the methods outlined above, 
but it is to be emphasized that any type of treatment will often fail unless the 
pleural cavity is obliterated. The most satisfactory cures result from treatment 
by aspiration and reéxpansion of the lung and from extrapleural thoracoplasty. 


TREATMENT OF MIXED EMPYEMA 


When pyogenic organisms are present in the empyema along with tubercle 
bacilli, adequate surgical drainage is essential. It should be noted that anaerobic 
bacteria may be overlooked or difficult to demonstrate in the pus from the pleural 
cavity. 

It is more satisfactory to resect a rib at the drainage site. Most authorities 
believe that this drainage site should be at the most dependent portion of the 
pleural cavity. However, oftentimes fibrin and fibrous tissue gradually form in 
the costophrenic angle, eventually interfering with drainage. If it is anticipated 
that the tube must be worn for some time, it is better to place the tube one rib 
higher than at the most dependent portion, else the tube may have to be reset 
at a higher location at a future date. By all means, the site for drainage must 
be chosen by careful fluoroscopy and a needle should be inserted before the opera- 
tion is begun to ascertain that pus will be found at the contemplated site of op- 
eration. 

Open drainage and closed drainage, where the tube drains into a water trap, 
both have their advocates as stated above, but the particular method of drainage 
has no effect on the ultimate outcome. Suturing the tube in place tightly leads 
to more infection in the chest wall. It is better to close the operative wound 
loosely, rather than to attempt to make it air-tight. 

Daily irrigation of the pleural cavity through the drainage tube with normal 
saline, Dakin’s solution or Azochloramide is of value, not by bacteriostatic action 
but by the mechanical cleansing of the pleural space. 
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With the idea that sulfonamide therapy might be of benefit in controlling 
secondary invading organisms, we have tried sulfathiazole and sulfadiazine orally 
and irrigation of the empyema cavity with a suspension of sulfanilamide in 10 
cases. The results have been disappointing and little or no benefit was derived 
from this treatment. 

The mortality rate in these unfortunate cases is reported as around or above 
50 per cent. Rarely a cure results from tube drainage alone. Most of these 
patients are too sick to tolerate further surgical procedures. Some of them can 
be cured by thoracoplasty, usually an extrapleural thoracoplasty, sometimes 
with a partial pleurectomy combined with the last stage. Cures are reported 
by using the Schede type of thoracoplasty. 

However, so many cases of mixed empyema have a tube inserted in the pleural 
cavity as a life saving measure, have their toxaemia improve somewhat, but 
continue to present severe clinical symptoms and eventually succumb to amyloid- 
osis. 

Mixed empyema always calls for a gloomy prognosis, at best, and if surgical 
treatment has to end with open drainage, because the patient is too sick to 
tolerate further surgery, the eventual outcome is almost always fatal. 


PROPHYLAXIS OF EMPYEMA 


Ehler, in his excellent survey of the field, states that tuberculous empyema 
is rather badly treated, as proved by the high mortality rate of 33 per cent. 

Certainly, proper handling of pneumothorax cases will prevent many empy- 
emata from developing. It should be remembered that persistent, recurring 
pleural effusion, tuberculous empyema and mixed empyema are but stages 
in the same pathological process. 

When a lung is collapsed by means of artificial pneumothorax, viscero-parietal 
adhesions should be severed early, preferably some thirty days after the induction 
of the pneumothorax. 

Closed intrapleural pneumonolysis, while not without danger, is a compara- 
tively safe operation in competent hands; and the early rendition of a pneu- 
mothorax into one that is mechanically satisfactory, with the lung free in the 
thoracic cavity, will prevent many, many cases of empyema. Especially after 
pneumonolysis should the pleural space be kept dry and aspirations done fre- 
quently if fluid forms. 

If pneumonolysis cannot be done because of the presence of lung tissue in the 
adhesion, pneumothorax, in most instances, should be promptly abandoned, 
especially if adhesions are extensive and other methods of surgical collapse 
should be employed if necessary. 

A partially collapsed lung, with adhesions present, will perhaps benefit the 
patient for a time, but eventually it will likely prove to have been worse for this 
particular patient than not giving him pneumothorax at all. 

In tuberculous empyema, treated by aspiration, infection of a needle tract 
and subsequent pleurocutaneous sinus will often occur. These sinuses can best 
be prevented by frequent aspirations, which prevent the accumulated fluid from 
building up a positive, intrapleural pressure. 
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It is to be emphasized that proper handling and selection of artificial pneu- 
mothorax cases will prevent the development of many cases of tuberculous 
empyema. Proper handling of tuberculous empyema will prevent the develop- 
ment of many cases of mixed empyema. 

The difficulties in treating empyema, tuberculous and mixed, are so vast 
that every effort to prevent their development is very much worth while. 


SUMMARY 


1. Tuberculous empyema responds at times to all accepted methods of 
treatment, but best results are obtained by obliteration of the pleural cavity, 
whether by aspiration and reéxpansion of the lung or by extrapleural thora- 
coplasty. 

2. Mixed empyema must be treated by open surgical drainage. Unless the 
pleural cavity can be obliterated, the outcome is almost always fatal, even 
after the empyema is drained. 

3. Sulfonamide therapy is of little or no value in treating mixed empyema. 

4. Persistent pleural effusion, tuberculous empyema and mixed empyema are 
stages in the same pathological process. 

5. Tuberculous empyema can be largely prevented by resorting to closed 
intrapleural pneumonolysis early. Where adhesions cannot be cut, pneu- 
mothorax should usually be abandoned. 

6. The incidence of tuberculous empyema, after closed intrapleural pneu- 
monolysis (3.6 per cent in our series), is less than the incidence given for cases 
of artificial pneumothorax without section of adhesions. 

7. The high incidence of empyema (37.5 per cent in our series) after open 
extrapleural pneumonolysis precludes its use for any purpose other than as a 
preparation for thoracoplasty. 


SUMARIO 


1. El empiema tuberculoso responde en ocasiones a todas las terapéuticas 
aceptadas, pero los mejores resultados se obtienen mediante la obliteracién 
de la cavidad pleural ya por la aspiracién y reexpansién del pulmén, o por la 
toracoplastia extrapleural. 

2. El empiema mixto tiene que ser tratado mediante la canalizacién quirtrgica 
abierta. A menos que pueda obliterarse la cavidad pleural, el desenlace es casi 
siempre fatal, aun después de drenar el empiema. 

3. La sulfonamidoterapia posee muy poco o ningtin valor en el tratamiento 
del empiema mixto. 

4. El derrame pleural persistente, el empiema tuberculoso y el empiema mixto 
constituyen etapas del mismo proceso patoldégico. 

5. El empiema tuberculoso puede impedirse en gran parte utilizando tem- 
pranamente la neumonolisis intrapleural cerrada. Si no pueden resecarse las 
adherencias, por lo general hay que abandonar el neumotérax. 

6. La frecuencia del empiema tuberculoso después de la neumonolisis intra- 
pleural cerrada (3.6 por ciento en esta serie), es menor que la comunicada en los 
casos de neumotoérax artificial sin reseccién de las adherencias. 
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7. La elevada frequencia del empiema (37.5 por ciento en esta serie) después 
de la neumonolisis extrapleural abierta veda su empleo a menos que sea como 
preparacién para la toracoplastia. 
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PNEUMONECTOMY IN PULMONARY TUBERCULOSIS! 
HEINZ J. LORGE? ann PAUL DUFAULT 


While total pneumonectomy has been employed in the treatment of non- 
tuberculous pulmonary conditions, reports of its use in tuberculosis of the 
lungs and of the bronchi are sufficiently scant to justify the publication of 
single cases. 

Lindskog (5), in 1937, performed a left total pneumonectomy on a patient 
whose condition had been erroneously diagnosed as bronchiectasis but which 
later proved to be tuberculosis. The postoperative course was complicated 
by bronchial fistula and tuberculous empyema, and the patient died. Dolley 
and Jones (4, 3), in 1939 and 1940, analyzed data on 15 pneumonectomies for 
tuberculosis by various American surgeons and on 4 of theirown. In 11 of these 
19 cases, extensive bronchial disease was the indication for the procedure. 
Only 3 of the 19 patients were considered well after the operation, 6 were im- 
proved and 2 unimproved. Eight patients died, the mortality being 40.2 per 
cent. The authors explain certain features of the technique and recommend 
that pneumonectomy be resorted to only when less radical measures are inade- 
quate. In their estimation, the operation should always be preceded by thoraco- 
plasty with extrafascial apicolvsis. Discussing the indications for thoracoplasty 
and pneumonectomy, Alexander (1) favors the latter only when bronchoscopic 
dilatations of the stenosed bronchi fail to establish adequate drainage. Other- 
wise, he strongly advocates thoracoplasty and, while willing to undertake the 
latter in the presence of mildly active contralateral lesions, he insists on a per- 
fectly clear opposite lung before contemplating pneumonectomy. 


The first case of total pneumonectomy on the records of the Rutland State Sanatorium 
( ¥20088-D) has previously been referred to by Cutler (2). 7. F., a twenty-seven 
year old white seamstress, developed cough and expectoration in January, 1933. A 
lesion was found in her right lung. She improved after several months of bed-rest and did 
well until 1935, when her symptoms reappeared, this time accompanied by wheezing. 
The roentgenograms showed bilateral spread of the disease. Artificial pneumothorax 
was started on the right side and abandoned after four months because of progressive ob- 
literation of the pleural cavity. It was then established on the left side and maintained 
for three years without abatement of her symptoms. Bronchosecopic examinations 
(Massachusetts General Hospital, Boston) revealed tuberculous ulcers and stencsis of the 
left major bronchus. 

The patient was admitted to Rutland on October 3, 1939. Her roentgenograms showed 
a few fibrous streamers in the first interspace on the right and displacement of the medias- 
tinum to the left. The left hemithorax was obliterated by an even density from the base 
to the clavicle (figure 1). On clinical and roentgenological examination, this lung ap- 
peared fibrotic and extensively atelectatic, but the surgical specimen later on revealed 
complete destruction of the parenchyma. During the time of hospitalization the patient 


1 From the Rutland State Sanatorium, Department of Public Health, Rutland, Massa- 


chusetts. 
2 First Lieutenant, A.U.S., 33rd O.T.B. 
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had temperature ranging from 99°F. to 100°F., interspersed by frequent episodes of 
elevations up to 104°F. for several days. She continued to wheeze and to cough and to 
expectorate abundantly. Her sputum was purulent and contained tubercle bacilli. Her 
white blood count ranged from 8,000 to 15,000 and revealed a shift to the left. Her 
sedimentation rate was 1.50 (normal 0.4). Eventually she developed complete occlusion 
of the left major bronchus, which looked like a small dimple through the bronchoscope, and 
no longer permitted drainage of secretions. In spite of the poor outlook and of the 
risk involved, a left pneumonectomy with transection of the bronchus proximally to the 
area of occlusion was performed on April 1, 1940 (Dr. E. D. Churchill, Massachusetts 
General Hospital, Boston). 

The surgical specimen: The main bronchus of the extirpated lung is thickened and rigid. 
Its caliber is greatly reduced and there is complete occlusion at the point of resection. All 
primary and secondary bronchi show areas of thickening and ulceration of the mucosa. 
The parenchyma of the lung is completely destroyed and replaced by many ragged cavities 
within a frame-work of dense fibrous tissue. 

The convalescence was uneventful. The sputum became scant and was free of tubercle 
bacilli. However, three months later the patient again became acutely ill and raised 
increasingly large quantities of positive sputum. Her films then revealed extensive in- 
filtration and cavitation in the right lower lobe (figure 2). She gradually failed and died 
one year after pneumonectomy. 

Autopsy findings (Dr. A. R. Crane): Thorax: The right lung is seen to extend beyond 
the left lateral border of the sternum into the left pleural space. The contents of the 
mediastinum are shifted to the left. The left pleural cavity is completely obliterated by 
old diffuse fibrous adhesions, and the heart is seen to fill the remnant of the space and to 
lie directly against the lateral portion of the thoracic cage on the left. The right pleural 
cavity contains about 500 ec. of turbid, grayish-amber fluid. The pleural surfaces on this 
side are covered with patches of a fibrinous exudate. 

Right lung: It is moderately increased in size and weighs 795 g. In the mid-portion of 
the apex of the upper lobe there is a round firm caseous lesion measuring 1.5 em. in di- 
ameter. The periphery of the upper lobe appears non-aerated, dark, purple and is meaty 
in consistency, being typical of atelectasis. There are also numerous nodular lesions all 


Fic. 1. Upper left. Case 1. On admission: Some fibrous streamers in the first inter- 
space on the right. Mediastinum displaced toward the left. Marked density over the left 
hemithorax below the clavicle, believed to be due to extensive fibrosis and atelectasis, al- 
though the surgical specimen revealed complete destruction of this lung. 

Fic. 2. Upper right. Case 1. Six months after left pneumonectomy for bronchial oc- 
clusion. Extensive new infiltration with cavitation in the lower half of the contralateral 
(right) lung. 

Fig. 3. Center left. Case 2. On admission: The right lung appears normal except for 
discrete calcifications. There is some dulness over the base on the left suggesting the 
presence of an old pleuritie process, and infiltration above the first interspace. 

Fic. 4. Center right. Case 2. Eight months after left pneumonectomy for bronchial 
stenosis. The upper three ribs on this side have been removed by a previous thoracoplasty. 
The reduced pleural cavity shows an even density, probably due to the presence of fluid. 
On the contralateral (right) side there is now a new exudative process at the level of the 
third interspace. 

Fic. 5. Lower left. Case3. 1931: Fibrotiec lesion cf the right lung above the first inter- 
space. The base is dulled because of the previous existence of a hydropneumothorax. 
The diaphragm is elevated following phrenicotomy in the past. The left lung is clear. 

Fic. 6. Lower right. Case 3. Two months after right pneumonectomy for bronchial 
blockage. An extensive thoracoplasty on the right was performed ten years ago. The 
lung is removed and the hemithorax is much reduced. The left lung is still clear. 


WL. 


232 HEINZ J. LORGE AND PAUL DUFAULT 


measuring less than 0.05 cm. in diameter. The middle lobe is soft and crepitant presenting 
only a few tuberculous nodules. In the lower lobe there are scattered pinpoint tubercles 
and two large cavities, 4 em. and 4 x 6 em. in diameter. Their walls are grayish-yellow, 
soft and up to 1 em. thick, and their lining is rough and irregular. 

Left lung: Completely absent. 

Trachea and bronchi: The trachea appears normal save for the mucosa of the anterior 
portion in the region of the carina which appears slightly thickened and irregular (his- 
tologically lymphocytic and plasma cell infiltration, but no typical tubercles). The lumen 
of the left bronchus is markedly reduced to measure but 0.4 em., and ata point 2.0 em. from 
its origin is completely occluded by dense fibrous tissue at the site of the previous surgical 
resection. There are no gross ulcerations evident in this stump. The right major bron- 
chus and its major divisions are grossly normal. However, a main branch of the bronchus 
to the upper lobe shows a caseous area about 1 em. in length, this lesion being located 
within 0.3 em. of the caseous nodule described above. The remaining branches of the 
bronchus to this lobe and to the middle lobe are entirely normal grossly. Branches of the 
right lower lobe bronchi are traced directly into the cavities. 


The fatal result is attributable to the poor general condition of the patient 
and to the marked activity of the disease. A thoracoplasty before or after 
the pneumonectomy would not have altered the final outcome. 


The second case is that of H. V., aged thirty-nine, a housewife of Dutch-Canadian ex- 
traction, admitted to the Rutland State Sanatorium on January 30, 1940 ( *20158-F). 
Ten years previously she had developed an effusion in the left chest and had been hos- 
pitalized elsewhere for three weeks. After aspiration of one quart of fluid she had re- 
mained symptom-free until the onset of the present illness. In November, 1939, she noted 
chest pain, cough, expectoration of a small amount of white sputum and loss of weight. 

On admission, roentgenograms showed the right lung field to be clear except for some 
very fine calcified nodules near the hilum. On the left there was shading over the base, 
some calcified nodules and plaques in the fourth and fifth interspaces and infiltration above 
the clavicle and throughout the first interspace (figure 3). White and red blood counts, 
haemoglobin, and sedimentation rate were normal. The sputum was positive for tubercle 
bacilli. 

In March, 1940, the patient developed marked wheezing. Bronchoscopy revealed an 
ulceration in the left major bronchus which was treated by repeated electro-coagulation. 
By the end of May, 1940, this bronchus appeared much contracted and was dilated with 
the bronchoscope. In August, 1940, the ulceration had disappeared, but submucous 
oedema and reduction in the calibre of the bronchus persisted. In November, the condi- 
tion of the bronchus was found unchanged. As the sputum was still positive, an attempt 
was made to induce pneumothorax on the left, but the pleural cavity was found ob- 
literated. On April 9, 1941 a first-stage thoracoplasty (three ribs) was performed (Dr. 
R. Adams, Massachusetts General Hespital), but without apicolysis because of the danger 
of bronchial obstruction after the operation. Symptoms of bronchial blockage, such as 
retention of sputum and fever for many days, appeared nevertheless. No further surgery 
was considered at that time. A bronchoscopy in October, 1941 showed marked stricture 
of the left main bronchus obscuring the opening of the left upper lobe bronchus. No ulcers 
were seen. The patient was ambulatory, but cough, expectoration of positive sputums 
and wheezing continued. 

By March, 1942, the calibre of the bronchus was reduced to 1 mm., at a point 2 em. be- 
low the carina. It was agreed that total pneumonectomy would offer the only possibility 
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of cure. The operation was performed on March 13, 1942 (Dr. E. D. Churchill, Massa- 
chusetts General Hospital). The bronchial wall was quite thick and fibrotic at the level 
of transection, but there was no evidence of active bronchial tuberculosis. 

The surgical specimen (Massachusetts General Hospital): The pleural surface is uni- 
formly covered with fibrous adhesions. The main bronchus shows marked thickening and 
is constricted to a 1 mm. opening. The bronchi to the upper lobe are moderately con- 
stricted but not oecluded. On section, scattered through both lobes are yellowish-white 
tubercles measuring 1 to 2 mm. in diameter and larger caseous areas measuring up to 1 


Fic. 7. Surgical specimen of case 2. For description, refer to text 


cm. in diameter. Some grayish sears, measuring 3 to 4 mm. in diameter, are also present. 
The extreme apex contains a greenish-gray circumscribed solid area measuring 5 x 2 x 1 em. 

The postoperative course was very satisfactory. The incision healed by primary 
intention. The patient became symptom-free, and the sputum turned negative. Roent- 
genograms showed the heart and mediastinum in normal position. On the left, the 
upper three ribs had been removed by the previous thoracoplasty. The lung field pre- 
sented an even density, which was interpreted as fluid in the residual left pleural cavity. 
Aspiration, however, did not become necessary or desirable, and fibrothorax, we hoped, 
would eventually develop. The right lung remained unchanged until September, 1942, 
when, six months after operation, an area of infiltration about 3 cm. in diameter appeared 
in the third interspace anteriorly (figure 4), and the sputum turned again positive for 
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tubercle bacilli. The patient was readmitted. The new lesion has shown some clearing 
during the past seven months, but a long period of bed treatment is in order, and the 
outcome is unpredictable. 


The third case ( * 16677-E) is that of F.F., a white female, admitted to the Sanatorium at 
the age of twenty-eight after a sudden massive haemoptysis July 26, 1928. There was 
consolidation and cavitation within the upper third, spotty infiltration throughout the 
remainder of the right and slight infiltration below the clavicle in the left lung. Following 
a right artificial pneumothorax, abandoned after twenty months because of progressive 
obliteration of the pleural cavity, and a right phrenicectomy in October, 1930, the pre- 
viously positive sputum turned permanently negative, and the left lung cleared spon- 
taneously (figure 5). Because of persisting cough, expectoration, rales and a lesion still 
visible roentgenologically, a two-stage thoracoplasty was performed in December, 1931, 
and an antero-lateral revision in February, 1933 (Massachusetts General Hospital). 
The patient was practically symptom-free for three years, but from 1936 to 1941 she de- 
veloped increasingly severe bouts of fever and general malaise, followed by cough and 
profuse expectoration, each lasting several months. These episodes were attributed to 
retention of secretions and toxaemia, although repeated bronchoscopies revealed no 
evidence of bronchial tuberculosis. Chemotherapy was of no avail. Roentgenograms on 
readmission, April 7, 1942, showed a thoracoplasty on the right, giving the patient about 
75 per cent collapse of the right lung and leaving this lung visible only along the medias- 
tinum. The right diaphragm was elevated. On the left there were numerous match- 
head and pin-head sized calcifications throughout, but no infiltration. The total white and 
monocyte counts were somewhat elevated, 10,400 and 9.5 per cent respectively, but the 
sedimentation rate was normal. The sputum was negative for tubercle bacilli on previous 
and subsequent examinations. As the symptoms were consistent with blockage of the 
bronchial secretions, and as the left lung, on the basis of the clinical and roentgenological 
evidence could not be incriminated, it was assumed that the right branch bronchi or several 
of their subdivisions might be diseased, even though their bronchoscopically visible por- 
tions appeared normal. <A total pneumonectomy was agreed to. It was performed on 
May 5, 1942 (Dr. E. D. Churchill, Massachusetts General Hospital) and followed by un- 
complicated recovery (figure 6). 

The surgical specimen (Massachusetts General Hospital): A lung removed by amputa- 
tion through the major branch bronchi: The visceral pleura is ragged, and a piece of 1 mm. 
thick leathery parietal pleura measuring 5 x 7 em. adheres firmly to the posterior upper 
surface. The parenchyma of both lobes is atelectic, dark gray-brown, and the interlobar 
fissure is partially obliterated by adhesions. The stem bronchus to the upper lobe is en- 
larged to 1.2 em. in diameter with corresponding dilatation of the other bronchi. The 
lining of the bronchi is white, ridged by prominent crossbands. The lower lobe bronchi 
are similarly altered, but extend further toward the periphery as dilated structures. 
Multiple old tubercles varying from 1 to 5 mm. in diameter are disseminated throughout. 
Each includes a central firm yellow zone of inspissated caseous debris and a peripheral 
translucent hyaline margin, 5 mm. in thickness. At the apex of the upper lobe is a 
stellate, irregular scar 5 mm. in diameter, consistent with an obliterated cavity. 

The patient was discharged November 22, 1942. At the present time, eleven months 
postoperatively, she is ambulatory and feeling well. Her remaining left lung has not 
changed according to clinical and roentgenological examination. 


DISCUSSION 
Of the 3 patients under discussion, the first developed complete and broncho- 
scopically visible occlusion of a main bronchus. The second had marked 
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stenosis. In the third case no bronchial disease could be seen through the 
bronchoscope, but there was clinical evidence of repeated blockage of secretions, 
and the diagnosis of wise-spread bronchial involvement was later borne out 
by the surgical specimen. 

The symptoms of bronchial stenosis consisted of wheezing, retention of 
sputum, bouts of uncontrollable cough, fever and malaise, followed by profuse 
expectoration at the end of each one of these episodes. They occurred fre- 
quently and lasted from a few days to several weeks. 

When the development of bronchial stenosis, not amenable to bronchoscopic 
dilatation, and the accompanying symptoms of bronchial blockage created an 
intolerable situation for the patient, there was no alternative but to either permit 
the disease to continue its unfavorable course ocr to attempt extirpation of the 
lung on the side of the diseased bronchus. Hence we concur with Alexander in 
regarding bronchial stenosis, sufficient to cause partial blockage of the secretions, 
and complete bronchial occlusion as the chief indications for pneumonectomy 
in tuberculosis. Repeated or persistent retention of the secretions invariably 
leads to superimposed infection, pneumonitis, suppuration, bronchiectasis and 
abscess formation within a lung which may or may not have been atelectatic 
previously. 

Obviously, should only one branch bronchus and the corresponding lobe of 
the lung be diseased, resection of the lobe with its diseased bronchus would be 
sufficient. The surgical risk in lobectomy is not nearly as great as in pneumonec- 
tomy, the mortality being reported as ranging between 5 and 20 per cent. 
Spread to the contralateral lung is, in our experience, less frequent than in 
pneumonectomy, and the remaining lobe or lobes on the side of the operation 
usually expand sufficiently to fill the pleural cavity, especially with the help 
of a phrenicectomy. If, however, the main bronchus or several of its sub- 
divisions are involved, total pneumonectomy, if practicable, is the only adequate 
treatment. Thoracoplasty would be of no avail. 

All our 3 patients subjected to pneumonectomy had on the contralateral 
side old discrete fibrotic or calcified lesions, which appeared, however, reasonably 
stable at the time of operation. 

In the first case, pneumonectomy was performed as a measure of last resort 
on a patient who was acutely ill. A thoracoplasty was contraindicated because 
of bronchial occlusion. The contralateral lung revealed rapidly progressive 
involvement after three months. Even so, the patient had been symptom-free 
and had enjoyed comfort for some time. In the second case, the lesion in the 
resected lung was of a more chronic nature, and the patient had had aone-stage 
thoracoplasty previously. The contralateral lung which revealed a not very 
active lesion six months after pneumonectomy is now clearing. In the third 
case the lesion in the resected lung had been of long standing and had for years 
been collapsed by an extensive thoracoplasty. The results have been excellent 


up to the present time. 

It is our opinion that, after further experience and full realization of its 
indications, dangers and complications, total pneumonectomy will have a 
definite place in the treatment of tuberculosis. 
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SUMMARY 


After a brief review of the literature on total pneumonectomy in tuberculous 
patients, 3 such cases, all with tuberculous bronchial disease, have been re- 
ported. 

The first patient developed a lesion in the contralateral lung in three months 
and died six months after operation. The second patient, in whom a three-rib 
thoracoplasty preceded the pneumonectomy, revealed a new lesion in the con- 
tralateral lung six months after resection of the lung. In the third patient, 
& pneumonectomy performed ten years after thoracoplasty has given very 
satisfactory results. 


SUMARIO 


Un breve repaso de la literatura relativa a la neumonectomia total en los 
tuberculosos revelé tres casos, todos ellos con broncopatia tuberculosa. 

EK] primero manifest6 una lesién en el pulmoén contralateral en tres meses y 
murié a los seis meses de la operacién. El segundo, en el cual se ejecuté una 
toracoplastia tricostal antes de la neumonectomia, revelé una nueva lesién en 
el pulmén contralateral a los seis meses de resecarse el pulmén. En el tercer 
enfermo ha dado resultado muy satisfactorio una neumonectomia realizada a 


los diez anos de la toracoplastia. 
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CEPHALOSPORIUM IN PLEURAL FLUID' 
RICHMOND DOUGLASS ann SUTHERLAND ERIC SIMPSON? 


The presence of the fungus Cephalosporium in pleural fluid as a complication 
of therapeutic pneumothorax in a tuberculous patient is of sufficient interest 
to merit a report. The indentification of the organism, its pathogenicity and 
the treatment employed will be discussed. 


The patient, Miss R. K. O., B.M.H. No. 11186, age twenty-four, was admitted to the 
Hermann M. Biggs Memorial Hospital on January 20, 1941. She gave a history of bi- 
lateral pleurisy in 1935. Productive cough developed late in 1936 and she was admitted to 
the Jefferson County Sanatorium, Watertown, New York, January, 1937, with a diagnosis 
of moderately advanced tuberculosis. There was a cavity in the left lung 1.5 em. in di- 
ameter. Therapeutic pneumothorax was induced on January 18 and was rendered more 
effective by pneumolysis on February 14, 1937. Sputum was first negative on May 7. 
Sanatorium care with weekly pneumothorax refills was continued to April 16, 1938. 
Thereafter pneumothorax was maintained while the patient resided at home. In the fall 
of 1939, she enrolled for a course in public health nursing at Syracuse University and 
pneumothorax treatment was continued there. In February, 1940, she developed pleural 
effusion with temperature of 102°F. and clear pleural fluid which was negative on guinea pig 
inoculation. Further aspiration was done on November 2 and December 7, clear fluid 
being found. 

On December 23, 1940, the patient experienced marked fatigue, dyspnoea and cough. 
Temperature reached approximately 102°F. for four days. She was readmitted to the 
Jefferson County Sanatorium on December 26, 1940 and 60 ec. of pus was axpirated from 
the left chest; it was noted that, on standing, sediment settled to the bottom of the tube, 
leaving yellowish fluid at the top. Direct smear and guinea pig inoculation did not reveal 
tubercle bacilli. 

The patient was transferred to the Biggs Memorial Hospital on January 20, 1941. Her 
general condition was good; the temperature was 99.6°F. and cough and expectoration were 
absent. Blood count was 4,700,000 red blood cells, haemoglobin 13.5 g., 9,500 leucocytes 
(56 per cent polymorphonuclears, 34 per cent lymphocytes, 2 per cent monocytes, 2 per 
cent basophiles, 6 per cent eosinophiles). Urine was negative except for the presence of a 
few white cells. The Wassermann test was negative. 

The left pleural cavity contained fluid which reached to the third rib anteriorly, the 
heart being displaced to the right. Initial aspiration through an 18 gauge needle removed 
450 ee. of thin fluid, greenish in color and definitely purulent. “Sticking” of the syringe 
did not develop. On standing, the fluid jelled and became viscid. Centrifuging was 
ineffective and digestion with pepsin and also with 5 per cent sodium hydroxide produced 
little change in viscosity and dilution with saline was equally ineffective. A second as- 
piration of 450 ec. one week later emptied the pleural space. Thereafter, weekly aspira- 
tions of about 200 ce. were carried out for eight weeks and emptied the pleural space on 
each occasion. 

Laboratory studies of the pleural fluid showed no secondary pyogenic organisms and 
repeated cultures for tubercle bacilli gave no growth. However, the cultures prepared for 


1 From the Surgical Service, Hermann M. Biggs Memorial Hospital, Ithaca, New York. 
2 Jefferson County Sanatorium, Watertown, New York. 
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tubercle bacilli on January 21 and 28, 1941 were found, on February 18, to show colonies 
of a fungus. On February 19, aspirated material was inoculated directly on Sabouraud’s 
medium for the first time. Such inoculations were repeated on March 3, 10, and 18 and 
on April 15. All plates showed the growth of a fungus, colonies appearing in five days, 
being fully developed in ten days and showing aerial hyphae in two or three weeks. 
Smears of the recently aspirated fluid showed infrequent spores on Gram stain; smear from 
fluid stored in the refrigerator for two to three days showed frequent spores. The gross 
appearance of the colonies and the microscopical appearance of slide cultures are presented 


in figure 1. 


The identification of the fungus presented a problem. Tentative diagnoses 
by mycologists included Sporotrichum and Trichophyton. 


A B 
Fic. 1. A: Left, colony of Cephalosporium grown on Sabouraud’s medium. B: Right, 


microscopical appearance of fungus. 


A specimen of the fluid was submitted to the laboratory of the New York State 
Hospital for Incipient Tuberculosis at Ray Brook, New York, and cultures 
made there on Sabouraud’s agar plates showed at first gravish colonies covered 
with aerial hyphae, later becoming brownish and wrinkled. The colonies were 
tough and adhered closely to the medium. In dextrose veast-extract medium 
the growth was a filamentous mass in the bottom of the tube, with clear super- 
natant liquid. Microscopically the organisms appeared as thin, septate mycelia, 
having lateral branches or conidiophores at the tips of which were clusters of 
elongate, ovoid spores surrounded by mucoid membranes. The fungus was 
identified as a Cephalosporium. 

Pleural fluid was submitted to Dr. Norman F. Conant of Duke University, 
who also reported that it vielded a “typical Cephalosporium with short, lateral 
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unbranched conidiophores, each bearing a cluster of single cell conidia at the 
tip. The colony was grayish in color on Sabouraud’s medium.”’ 

The pathogenicity of the fungus was studied at the Biggs Memorial Hospital. 
A rabbit inoculated intrapleurally on March 6, 1941 with saline suspension 
of the culture developed no lesions. Two mice were inoculated intraperitoneally 
on the same date, and both became ill. 


Mouse A. Died on March 20, 1941 autopsy showed 

Heart: Masses of organisms in the cavities with mycelial threads and fine 
granules. 

Lungs: Multiple abscesses with necrosis, proliferation of connective tissue 
cells. 

Left kidney: Double normal size, with perinephric abscess and one abscess in 
kidney. 

Right inguinal node: Reticulum cell hyperplasia. 

Cultures from the heart, lungs, left kidney: Negative. 

Cultures from the peritoneal fluid and right inguinal node: Typical Cephalo- 
sporium colonies on Sabouraud’s media. 


Mouse B. Recovered, but was sacrificed on April 15; no abnormal findings. 


A guinea pig inoculated intraperitoneally on March 24, 1941 and killed on 
April 29 showed a large abscess in the abdominal wall at the point of inoculation. 
Cultures showed typical growth of Cephalosporium. Four mice inoculated on 
September 11 did not become ill; 2 were sacrificed on November 14, 2 on Decem- 
ber 10 and none showed any lesions. 

The specific treatment of the patient was initiated on March 24, 1941 when 
potassium iodide was administered in doses of 0.3 g. three times daily. The dose 
was built up to 1.0 g. three times daily by April 10 and maintained at that level 
until May 5. The purulent pleural exudate became thinner on April 1 and 
decreased in amount by April 7. On that date and again on April 11 irrigation 
with normal saline was carried out; 10 ec. of 1 per cent gentian violet diluted with 
saline was also instilled and then withdrawn. The fluid increased in amount 
temporarily but was thinner and by May 5 it was slightly turbid and yellow 
and no longer definitely purulent. The weekly formation decreased from 200 
to 50 ce. Six specimens cultured between April 4 and May 12 showed no 
growth of fungus, and spores could not be found on smear. Thoracoplasty was 
initiated on May 6, 1941 and removal of portions of ten ribs completed on 
June 18. The pleural space was thereby obliterated. Fluid, which remained 
vellow and clear, was aspirated regularly during this procedure, the final aspira- 
tion of 25 cc. being done on June 12. The clinical course is graphically sum- 
marized in chart 1 which shows dates of aspiration, cultural findings and dates 


of therapy. 

The full significance of the fungus in this case is not entirely clear. Cephalo- 
sporium is generally saprophytic (1). However, in this instance the toxaemic 
onset and the findings in animals suggest that it was pathogenic. The ad- 
ministration, over a period of six weeks, of relatively large doses of iodides may 
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have assisted in eliminating the organism, and the instillation of gentian violet 
may also have aided. 

Miss R. K. O. was discharged from Biggs Memorial Hospital on August 3, 
1942, returning to the Jefferson County Sanatorium to complete her convales- 
cence. Her progress was uneventful and in September, 1942 she resumed full 
time work as a school nurse. An X-ray film of December 2, 1942 showed no 
change from that of March 19, 1942 and on January 22, 1943 she reported 
that she had continued uninterruptedly at work. 
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Cuart 1. Cephalosporium in pleural fluid: volume of exudate and cultural findings in 
relation to chemotherapeutic and surgical programs. 
Marked points represent volume of each aspiration. In all instances the pleural space 


was evacuated as completely as possible. 
SUMMARY 


A Cephalosporium was isolated from the pleural fluid of a tuberculous patient 
receiving pneumothorax, when the previously clear fluid suddenly became 
purulent. It was mildly pathogenic for animals; recovery followed the ad- 
ministration of potassium iodide and irrigation with gentian violet, and the 
patient is now well after obliteration of the pleural space by thoracoplasty. 

SUMARIO 

Del liquido pleural de un tuberculoso al que se le aplicaba el neumotérax se 
aisl6 un Cephalosporium al volverse de repente purulento el derrame previa- 
mente limpido. El microbio resulté levemente patégeno para los animales. 
La reposicién sobrevino después de la administracién de yoduro de potasio y 
riegos con violeta de genciana, y el enfermo se encuentra va bien después de 
obliterarse el espacio pleural con la toracoplastia. 

REFERENCE 
(1) Dopce: Medical Mycology, C. W. Mosby, 1935, p. 826. 
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An earlier communication (1) contains the statement that, if a strip of adhe- 
sive plaster previously treated with tuberculin is applied to the unbroken skin 
or if the skin is moistened with a drop of tuberculin and then covered with ad- 
hesive, a susceptible person will show within twenty-four to forty-eight hours 
an inflammatory area of reaction limited to the surface covered by the adhesive 
plaster (figure 1). 

This method of testing for tuberculosis, which I called the tuberculin patch 
test (1), was based on the investigations of Lautier (2), Kasahara (3), Blumenau 
(4), Malmerg and Fromm (5). 

The advantages of this method of testing are as follows: 


(1) It is painless, and therefore does not frighten a child or an anxious mother, 
nor does it spoil the relation between physician and patient. This is especially 
valuable in testing a resisting child. 

(2) It requires no boring, puncturing, scratching or rubbing. 

(3) It does not necessitate the use of syringes and needles, or of lancets or 
borers as is the case with the Mantoux (6) or the Pirquet (7) method of testing. 

(4) No sterilization of instruments is required. 

(5) There is considerably less risk of producing the necrosis, vesiculation and 
ulceration which may occur with the Mantoux test, especially in colored chil- 
dren (8). 

(6) The technique is simple and is therefore especially adapted for those who 
are not accustomed to doing Mantoux tests. 

(7) It is less time-consuming, which is especially advantageous when large 
numbers of tests are to be made. 

(8) It is possible to control the area of reaction, since this is limited to the 
surface covered by the adhesive plaster (figure 2). 

(9) It is easy to interpret the results. 


The recognition of the advantages of a simple, painless and reliable test for 
tuberculosis has in recent vears given rise to many publications on this subject 
and to the production of commercial materials for performing these tests. We 
may assume that the tuberculin patch test will remain as one of the diagnostic 


aids in tuberculosis. 
THE BASIC ELEMENTS OF THE TUBERCULIN PATCH TEST 
Two substances form the basis of this test, namely tuberculin or its derivatives 


and adhesive plaster. 
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The tuberculin is the testing agent which acts directly on the skin to produce 
a specific reaction in a person who has already been infected with tuberculosis. 
There can be no skin test for tuberculosis without this substance or its deriva- 
tives (9). 

The role of the adhesive plaster is to establish intimate contact between the 
tuberculin and the skin, to produce hyperaemia, promote absorption of the tuber- 


culin and limit the area of reaction. 


Fic. 1. (Left) Results of noncommercial tuberculin patch test. 


a—positive reaction 
b—control 
c—positive reaction 

Fic. 2. (Right) Results of tuberculin patch test (noncommercial). 
a—positive reaction (larger piece of adhesive and more tuberculin was used than in ¢ 
and therefore the area of reaction is more extensive) 

b—control 

¢—positive reaction (smaller piece of adhesive and less tuberculin used and therefore 
there is a smaller area of reaction than in a) 

Since tuberculin and adhesive are all that are required to bring about a specific 
tuberculin reaction, the test applied with these two basic substances may be 
designated the Basic Tuberculin Patch Test. This is to be distinguished from 
other patch tests which employ some medium for absorbing the protein material. 

Media or carriers of tuberculin: Any other substances which may be used as 
media to absorb the tuberculin are merely carriers of the basic substance and are 
of secondary importance, since they do not alter the fundamental principle of 


the tuberculin patch test. 
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A few of the substances used as media have been gauze (10), cotton (2, 3), 
blotting paper (11), filter paper (12, 13), plain paper (14), paper toweling (15), 
ointments (16, 17), Fuller’s earth and hydrous wool fat (18). No one substance 
is superior to another. As a matter of fact Hart (19), in comparing the commer- 
cial patch test (using filter paper as a medium) with the Copenhagen patch test 
(using salve as the carrier) on 536 children, found that there was little choice 
between the two as to reliability. Hart favored the Copenhagen product. be- 
cause it was less expensive and because the amount of tuberculin used could 
be regulated. 

The object of using such media or carriers is to absorb, to concentrate, to dry 
the tuberculin or to limit the area of reaction, but to attach any significance to 
these media it would first have to be proved that they make the tuberculin test 
more reliable or more desirable than the basic tuberculin patch test. 

We do know that absorbent material such as cotton, blotting paper, filter 
paper, etc., may use up more of the tuberculin than is actually necessary or 
desirable for performing the test. Too great a concentration of tuberculin may 
set up a violent reaction in a highly sensitive person. This would be especially 
true in active tuberculosis. Nor can we attach too much importance to the use 
of dry tuberculin, since the latter will not act until it liquefies by absorbing mois- 
ture from the skin. 

While it is true that certain media, such as cotton, blotting paper, etc., will 
limit the area of reaction, the adhesive alone will do the same (figure 2). 

I have repeatedly tried out various media as carriers (and also the available 
commercial products) and have found that the tuberculin adhesive application 
(that is, the basic tuberculin patch test) has many advantages. 


ADVANTAGES OF THE BASIC TUBERCULIN PATCH TEST 


This test can be regarded as the foundation upon which the other tuberculin 
patch tests are built. It has many advantages: 


(1) It either costs nothing or is very inexpensive, since the tuberculin is sup- 
plied to physicians by the Health Department either free or at cost. The com- 
mercial fests, on the contrary, are entirely too expensive either for universal use 
in tuberculosis, a disease of the poor, or for research work. 

(2) It is the simplest tuberculin patch test known because it requires only two 
basic substances: tuberculin and adhesive plaster. 

(3) It is the most direct form of test, since no third substance intervenes be- 
tween the tuberculin particles or between the tuberculin and the skin. 

(4) It requires no preliminary preparation such as absorbing the tuberculin 
or drying the cotton, gauze or filter paper, etc., before its application to the skin. 


It is always ready for use. 

(5) It is an individualized test because it permits of individual dosage. This 
is not true of the standardized products in which the dosage is the same for all, 
without regard to individual needs. In other words, if the subject is strongly 
allergic to tuberculin or has active tuberculosis, the standard product may con- 
tain too much tuberculin and may set up a violent reaction. 
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(6) The basic tuberculin test can be made a qugntitative test because the 
amount of tuberculin used with each test is known. This is not true of a stan- 
dardized product. 

(7) With the basic tuberculin patch test the area of reaction can be regulated, 
since this depends on the size of the adhesive plaster and the amount of tuberculin 
used. Thus, if a larger area of reaction is desired, a larger piece of adhesive and 
more tuberculin may be used; if a smaller area of reaction is wanted, a smaller 
piece of adhesive and less tuberculin are used (figure 2). This cannot be accom- 
plished with the standardized products. 

(8) It requires less tuberculin since there is no third substance, such as cotton 
or filter paper, to absorb it. 

(9) The basic tuberculin patch test uses three strips of adhesive, so that if one 
falls off the remaining two strips will indicate a positive or negative reaction. 
The standardized product consists of only one strip, therefore, should this strip 
fall off, the entire test is wasted. Furthermore, the three strips may be placed 
wherever is most suitable; for instance, one may be applied to the arm, one to 
the chest, one to the back or the other arm, depending on where the skin is most 
free of rashes, hair, blotches, ete. This may be of special advantage in infants. 

(10) If the standardized product is kept too long, or in a warm place, the ad- 
hesive may deteriorate or the tuberculin medium or carrier may fall off and the 
whole test be spoiled. The basic patch, not depending on any medium, is self- 
sufficient, since the tuberculin is not affected by heat or cold and is always 
effective. 

METHOD OF APPLYING THE TEST 
1: The skin of the flexor surface of the forearms, chest or back is cleaned with ether or 
acetone. 
2; A small strip of adhesive plaster, about 2 x 2 em. is placed on the skin to serve as a 
control. 
3: A drop of tuberculin is placed or spread on the skin about one or two em. above the 
control by means of a glass rod or, better still, painted with a tiny brush and then covered 
with a small strip of adhesive plaster 2x 2em. Or the adhesive may first be moistened 
with the drop of tuberculin and then applied to the skin. 
4: A second drop of tuberculin is applied to the skin about one to two em. below the con- 
trol and covered with adhesive. 
5: These strips are allowed to remain forty-eight hours. 


If the reaction is positive, an area of inflammation studded with tiny papules 
and vesicles, visible and palpable, will appear, limited to the part in contact with 
the tuberculin, while the control area will be free from such reaction (figures 
1 and 2). 

Occasionally, if the skin is sensitive to adhesive, the control may also appear 
inflamed, but this can be differentiated from the tuberculin reaction by the fact 
that the inflammation will disappear after one or two days while the tuberculin 
reaction will remain or may even become intensified. Cleaning the skin with 
tincture compound of benzoin before applying the strips may in some cases ob- 
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viate the adhesive reaction. It is advisable to have the strips removed one or 
two days before the patient comes to the clinic or the office so that any reaction 
due to the adhesive plaster will by that time have worn off. It is also recom- 
mended that the skin be cleaned with benzene before reading the results, because 
marks left from the adhesive may interfere with the interpretation of the re- 
action. 

The tuberculin used is Old Tuberculin, Koch, supplied to the physicians by 
the New York Department of Health. It is furnished in vials and can be carried 
conveniently in the physician’s bag or pocket for use anywhere. Or, still better, 
the tuberculin from the vial can be poured into a small bottle having a screw top 
to which is attached a small rod or a tiny brush. The tuberculin does not de- 
teriorate with heat or cold. 

Studies by Reisman (20) have shown that the Old Tuberculin supplied by the 
Bureau of Laboratories of the New York Department of Health compared 
favorably with that of one of the best commercial houses as to potency and re- 
liability. 

Since 1931 the basic tuberculin patch test has been performed in many cases 
and has been found reliable, comparing favorably with the Pirquet and the 
Mantoux (about 1:1000). If the tuberculin patch test is negative and there is 
nevertheless a suspicion of tuberculosis, the next procedure should be a strong 
Mantoux test (1:100). 

A recent comparison of this test with the commercial patch tests in 293 cases 
revealed the following: 


In 250 cases the commercial and noncommercial patch tests were both positive. 

In 37 cases the commercial and noncommercial patch tests were both negative. 

In 2 cases the commercial was positive and the noncommercial patch tests were 
negative. 

In 4 cases the commercial was negative and the noncommercial patch tests were 
positive. 

It is therefore evident that the noncommercial compares favorably with the 

commercial tuberculin patch test. 


CONCLUSIONS 

1. The tuberculin patch test can be defined as a percutaneous method of 
testing for tuberculosis by the application of tuberculin or its derivatives and 
adhesive plaster to the intact skin, resulting, if positive, in an inflammatory area 
of reaction. 

2. It is a simple, painless tuberculin test, requiring no instruments such as 
syringes, needles, lancets, etc., no puncturing, abrading or rubbing the skin. 

3. Only two basic substances are required for this test; namely, tuberculin 
and adhesive plaster. 

4. Any media used for absorbing the tuberculin, such as cotton, gauze, blotting 
paper, filter paper, ointment, etc., are merely the carriers of the tuberculin and 
are of secondary importance since they do not alter the fundamental principle 
of the tuberculin patch test. 
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5. The basic tuberculin patch test is performed by applying tuberculin and 
adhesive plaster to the intact skin, using adhesive without tuberculin as a con- 
trol. A positive reaction will be recognized one to two days later by an area of 
inflammation studded with papules and vesicles limited to the surface which was 
covered with tuberculin and adhesive, while the control area will be free from 
such reactions. 

6. The basic tuberculin patch test has been found to be reliable, comparing 
favorably with the Pirquet test, Mantoux of about 1:1000, and with the commer- 
cial patch tests. 

7. Advantages of this test over tests made with standardized products are: 
(a) it is an individualized test because it permits of individual dosage of tuber- 
culin; (b) it offers the possibility of making it a quantitative test; (c) the extent 
and area of reaction may be controlled; (d) it is very inexpensive, if not free. 

8. It offers possibilities of greater usefulness in practice, routine testing for 
tuberculosis, research work and in our campaign against tuberculosis. 


SUMMARY 


The noncommercial tuberculin patch test is performed as follows: 


1: The skin is cleaned with ether or acetone. 

2: A drop of Old Tuberculin is spread over the intact skin and covered with a small piece 
of adhesive plaster (about 2 x 2 em.). 

8: As a control, a similar piece of adhesive is applied to the skin below, which was not 
treated with tuberculin. 

4: Tuberculin and adhesive are applied to the skin below the control as in (1). 


If the reaction is positive there will appear one to two days later an area of 
inflammation, limited to the skin treated with tuberculin, while the control will 
be free from such reaction. It is advisable to interpret the results one to two 
days after the strips have been removed so that any reactions from the adhesive 
will by that time have worn off. It is also recommended that the skin be cleaned 
with benzene after removing the strips, because marks left from the adhesive 
may interfere with the interpretation of the reaction. 

Advantages over the commercial tuberculin patch tests are: it is free or very 
inexpensive; it is an individualized test; it can be made a quantitative test; the 
size of the area of reaction can be regulated; the material for testing can be kept 
indefinitely because tuberculin does not deteriorate with heat or cold. 


SUMARIO 


La prueba del parche a la tuberculina no comercial se ejecuta en la siguiente 
forma: 


1: Se limpia la piel con éter 0 acetona. 

2: Se esparce una gota de tuberculina antigua sobre la piel, cubriéndola con un trocillo de 
esparadrapo (aproximadamente 2 x 2 cm.). 

8: Como testigo se aplica un trozo semejante de esparadrapo mds abajo en la piel que 
no se haya tratado con tuberculina. 

4: Se aplican tuberculina y esparadrapo a la piel mds abajo del testigo como en (1). 


le 


le 
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Si la reaccién es positiva se presentard uno o dos dias después una zona de 
inflamacién limitada a la piel tratada con tuberculina, en tanto que la zona 
testigo permaneceré indemne. Conviene interpretar el resultado uno o dos dias 
después de retirar el esparadrapo, a fin de que para entonces se hayan desvane- 
cido las reacciones debidas al mismo. También se recomienda que se limpie la 
piel con benceno después de quitar el esparadrapo, porque las marcas dejadas 
por éste pueden dificultar la interpretacién de la reaccidn. 

Las ventajas que posee esta técnica sobre la realizada con los parches del 
comercio son: baratura; individualizacién de la prueba; puede hacerse ésta 
cuantitativamente; puede graduarse el tamajio de la zona de reaccién; y puede 
conservarse indefinidamente el material de comprobacidén, pues la tuberculina no 
deteriora debido al calor o al frio. 
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A SCHEME FOR NUMERICAL RECORDING OF TUBERCULOUS 
CHANGES IN EXPERIMENTALLY INFECTED GUINEA PIGS' 


WILLIAM H. FELDMAN 


During the past few years an enlivened interest in the chemotherapy of 
experimental tuberculosis has accelerated the need for a satisfactory scheme 
for the classification of the pathological changes observed. The existence and 
acceptance of a scheme that would enable all workers to express results in 
simple, understandable terms would be of inestimable value in enabling one 
worker to compare similar or divergent results of others with his own. At the 
present time this is difficult todo. While it is true that many reports pertaining 
to the results of tests in vivo of tuberculo-chemotherapeutic agents include a 
scheme for the classification of the amount of disease observed, such observations 
are usually inadequate, since frequently they are made on the basis of gross 
examinations only with no provision for recording variations in the character 
of the lesions which may have occurred as consequence of the therapeutic effects 
of the drug. This is an important omission, since one may consider the character 
of a tuberculous change of at least equal importance to the quantity of disease 
present. In most instances a progressive tuberculous process can be distin- 
guished microscopically from one that is nonprogressive or arrested and such 
distinctions are of importance in appraising the effectiveness of a chemothera- 
peutic agent. In the scheme proposed, cognizance is taken of these differences. 

The scheme suggested cannot be considered ideal. It has certain short- 
comings, some of which are probably inherent in any procedure dependent on 
the personal equation in assigning numerical values to pathological changes on 
the basis of an individual’s judgment and experience. Although the scheme 
has been found useful and fairly satisfactory in the classification and recording 
of tuberculous lesions of approximately 200 guinea pigs, I am aware of its 
limitations. However, it seems desirable to present an outline of the procedure 
so that the criticisms and suggestions of others may be utilized to the end that 
eventually a more satisfactory approach to the problem may be obtained. 


GENERAL CONSIDERATIONS 


Since the purpose of any procedure designed for the systematic recording 
of results of experiments in vivo is to reveal, when present, significant evidence 
of therapeutic effects, we may examine briefly the nature and relative importance 
of different factors that constitute evidence of therapeutic efficacy. First are 
the relative mortality rates among the animals that were treated and those that 
were not treated. Although time of survival is a significant factor in experiments 
of long duration (six months or more), this factor is obviously of less importance 
in experiments of two or three months’ duration. When guinea pigs in groups 
of 14 or more are inoculated subcutaneously with virulent human tubercle 


1 From the Division of Experimental Medicine, Mayo Foundation, Rochester, Minnesota. 
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bacilli, even in fairly large doses (0.1 mg.), it is not unusual for all of the un- 
treated animals to be living sixty days after infection. The time of survival 
becomes of importance only in situations in which the experiment has continued 
sufficiently long for a considerable number or all of the untreated control animals 
to have died a tuberculous death. When this occurs, differences in the average 
mortality rates of treated and untreated groups of guinea pigs become signif- 
icant data. 

Obviously, in computing the mortality rate one should distinguish, when 
possible, deaths from causes directly attributable to factors such as toxicity 
of the drug and tuberculosis from causes that one might expect to be operative 
under normal conditions. In other words, it should be recognized that even 
in the most favorable situation a certain number of deaths may be expected 
among guinea pigs from causes that are in no way related to the experimental 
procedure. It would be improper to consider mortality under these circum- 
stances as prejudicial to any form of treatment. The importance of ascertaining 
the cause of death of every animal cannot be overemphasized if one is to establish 
a factual basis for conclusions concerning differences in mortality rates of 
treated and untreated guinea pigs. 

Of most importance as evidence indicative of a tuberculo-therapeutic effect 
will be the influence, if any, that the drug has had in altering (1) the expected 
or usual dissemination and progression of the disease, (?) the amount and 
severity of the morbid process and (3) the histological character of the cellular 
elements constituting the tuberculous reactions. Related to this is the question 
of the presence, viability and virulence of tubercle bacilli, especially in lesions 
that appear morphologically to be arrested and in organs of animals in which 
no demonstrable signs of tuberculosis remain at the end of the period of treat- 
ment. Also of significance is the loss by successfully treated animals of sensi- 
tivity to tuberculin in cases in which sensitivity was noted at the time treat- 
ment was started. 

In determining the presence of tubercle bacilli in experimentally induced 
lesions one has recourse to several procedures. The tissues can be treated 
by appropriate stains to reveal the presence of acid-fast bacillary forms which 
one may presume to represent tubercle bacilli. However, the demonstration 
of tubercle bacilli in stained tissue is a less reliable procedure for determination 
of their presence or absence than is their demonstration by culture or by animal 
inoculation. Of the various methods available for the demonstration of tubercle 
bacilli in the tissues of a previously infected animal, only one—animal inocula- 
tion—will determine the presence of viable bacilli that are virulent. 

To determine whether or not viable, virulent bacilli remain in previously 
infected tissues apparently devoid of lesions or in tuberculous lesions that have 
the structural characteristics of arrest or of healing, is not a simple matter. Or- 
gans of predilection such as the spleen may be used for the making of cultures 
or for the inoculation of animals, but to subject all tissues of a guinea pig to 
such tests would be highly impractical. 

It appears that the importance of the various factors, such as relative survival 
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times, sensitivity to tuberculin and presence or absence of viable, virulent 
tubercle bacilli, while considerable, is, in fact, inferior to that of the relative 
amounts and character of the tuberculous disease that can be seen grossly or 
microscopically in the treated and in the untreated groups of guinea pigs. As 
will be shown later, there are important differences in the extent and severity 
of tuberculosis in guinea pigs subjected to therapeutic compounds of divergent 
therapeutic potentials. These differences are revealed in characteristics of the 
physical structures and in the frequency of the lesions. When the disease is 
characterized by wide-spread dissemination and marked severity such as one 
expects in the untreated controls or in infected animals treated with an inef- 
fective drug, no special finesse is necessary to recognize the true state of affairs 
from the gross appearance of the lesions. The same lack of difficulty obtains 
when no gross lesions are discernible. However, in practice the problem is 
not so simple. Among animals coming to necropsy at the end of a six months’ 
observation period the amount of tuberculosis varies from that discernible as 
a single discrete focus detected microscopically to large, dramatically destructive 
processes that nearly or completely fill the spleen, lungs and liver. All gradations 
between these two extremes may be expected. An attempt to classify and 
record such lesions on a morphological basis is the foundation for the scheme 
which follows. 


SCHEME FOR CLASSIFICATION OF TUBERCULOUS CHANGES 


The suggested procedure which is submitted for evaluating the amount and 
character of tuberculous disease in experimentally infected guinea pigs is the 
result of experience gained in examining tissues from animals inoculated sub- 
cutaneously.?. In most instances the dose of tubercle bacilli employed has been 
small and experiments have been permitted to continue for a considerable period. 
Routinely sections are prepared for microscopical study from the organs of 
predilection (spleen, lungs and liver) and in addition sections are made from 
tissues at the site of injection, from the contiguous lymph nodes, if discernible, 
and from the lymph nodes of the tracheobronchial group. Sections are stained 
with a haematoxylin and eosin and duplicates of each are treated appropriately 
to reveal acid-fast bacilli. 

The scheme I suggest for evaluating experimental tuberculous processes is 
based on the premise that the disease arising from infection with tubercle bacilli 
may vary in extent from slight to extensive and in character from a destructive, 
advancing process to lesions in which the process appears arrested or even 
healed. Microscopically these distinctions can be made, especially in tissues 
from animals in which a satisfactory chemotherapeutic effect has been obtained. 
It seems logical that these differences should be recognized and used in interpret- 
ing more accurately the state of affairs following medication with compounds 
that appear to have deterrent effects. 

2 The practice followed has been to inject the inoculum into the tissues overlying the 


sternum. No superiority is claimed for this site of inoculation over the more common 
practice of injection into the groin or inguinal region. 
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As may be noted in table 1, tuberculous disease in different tissues is as- 
signed varying numerical values. The maximal value of tuberculosis in any 
one animal cannot exceed 100. This would be the correct numerical index 
should there be extensive and severe progressive tuberculosis in the spleen, 
lung and liver and signs of progressive tuberculosis in the tissues at the site 
of inoculation or the contiguous lymph nodes or both. Less severe disease of 
a progressive character may be graded either ‘‘moderate”’ or ‘“‘slight’’ and the 
proper numeral assigned for the involvement of the different organs. It will 
be noted that in extensive progressive disease the lungs and liver are assigned 
numerical values inferior to that assigned to the spleen and that the value 


TABLE 1 
Key lable for evaluating histologically the extent and character of tuberculous lesions in 
experimentally infected guinea pigs. Assign the highest number corresponding to 
the description of the lesion in each tissue 


SITE OF IN- 


Ss OCULATION IF LUNG IS NEGATIVE, 
SPLEEN LUNG LIVER AND CONTIG- EXAMINE TRACHEO-BRONCHIAL 
UOUS LYMPH LYMPH NODES 
NODES 

Progressive lesions present 

Extensive involvement......... 35 30 28 10 10 

Moderate ; ; 20 20 20 10 10 

Slight... ; 10 10 10 10 10 
Nonprogressive lesions only 

Fibrosis, hard tubercles....... 3 3 2 1 1 

Fibrosis or calcification only 1 | 1 1 
Maximal values = 100 total... 35 30 25 | 10 10 

| (If lung is negative) 

If only inactive lesions, maxi- | 

mal values less than 10..... 3 3 2 | 1 1 


(If lung is negative) 


provided for the liver is inferior to that provided for the lungs. These figures 
were selected more or less arbitrarily, although the relative frequency of the 
disease in these three organs as noted in my experience appears to have been 
in about the order given. 

If the disease in any situation is only moderately extensive but active or 
progressive, each of the affected organs is charged with 20 units of tuberculosis. 
if the disease is slight in extent, the values for the respective organs affected 
are 10. 

Occasionally, infections in guinea pigs occur in which no tuberculosis can 
be found in the lungs. In these instances, if progressive disease is detected 
in the tracheobronchial lymph nodes, the lungs are charged with 10 units of 


tuberculosis. 
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Fic. la. Upper left. Progressive necrotizing tuberculous region in lung of a guinea pig 
that died 186 days after subcutaneous inoculation with a human strain of tubercle bacilli 
(x 60); b, upper right, nonprogressive tuberculous nodule consisting essentially of a cir- 
cumscribed focus of noneaseating epithelioid cells in the lung of a guinea pig (< 100). The 
animal was killed 228 days after inoculation with a human strain of tuberele bacilli and had 
been treated with a sulfone compound during the last 186 days. 

Fic. 2. Lower. Caleified tuberculous nodule in the lung of a guinea pig treated for 186 
days with a sulfone compound (X 60). Treatment was started forty-two days after animal 


had been inoculated. 


|S 
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Since a nonprogressive tuberculous lesion is far less prejudicial to the animal’s 
welfare than one that is not stabilized, the values allotted to lesions of an ar- 
rested character are much less than those assigned to lesions in the same organs 
that show signs of progression. 

Signs of progression consist of the peripheral extension of the disease (daughter 
tubercles), confluence of morbid tissue, conglomerate tubercles and slight to 
extensive necrosis (figure 1a). 

Microscopical signs indicative of a nonprogressive tuberculous process consist 
principally of (7) peripheral encapsulation without daughter tubercles in the 
peripheral zone of the capsule, (2) the presence of noncaseating or “hard”’ 
tubercles (figure 1b), (3) evidence of the transition of epithelioid cells to fibro- 
blastic elements, (4) fibrosis and (4) calcification or bone in situations devoid 
of signs indicative of progressive tuberculosis (figure 2). 

Numerical index of gross changes: Should it be desirable to determine the 
evaluation of the morbid changes from the gross appearance of the lesions only, 


TABLE 2 
Key table for evaluating by gross appearance the extent and character of tuberculous lesions in 
experimentally infected guinea pigs. Assign the highest number corresponding to the 
description of the lesion in each tissue 


| | 
| | SITE OF IN- 


UOUS LYMPH LYMPH NODES 
NODES 
| 
35 30 25 10 10 
20 20 20 10 10 
10 10 10 10 | 10 
Maximal values = 100 total..... 35 30 25 10 10 
(If lung is negative) 


one may follow the outline shown in table 2. Unlike the scheme given for 
determining the numerical index by the microscopical examination of the tissues 
and distinguishing lesions that are progressive or active from those that are 
nonprogressive, the scheme shown in table 2 does not provide for any distinctions 
in the histological character of the disease. Instead, emphasis is placed on the 
extent or severity of the tuberculous involvement of the organs of predilection. 
The extent of involvement is graded extensive, moderate and slight for the 
respective organs. One hundred is the theoretical maximal value that may 
be assigned to any one animal. This represents marked, extensive or severe 
disease in the spleen, liver and lungs and lesions of more than minimal propor- 
tions in the tissues at the site of inoculation and contiguous lymph nodes. 


COMMENT 


A scheme such as has been described, which is dependent for its application 
on microscopical rather than gross examination of tissues, is of most use in re- 
cording tuberculous lesions of a minimal or arrested character. Among animals 


. 
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that had wide-spread destructive disease and that. obviously died as a conse- 
quence of tuberculosis, a fairly accurate numerical index of infection can be 
ascertained without examining tissues microscopically. However, our exper- 
ience has shown that occasionally errors in recognizing tuberculosis from the 
gross appearances of the disease do occur. 

Possible sources of error may be found in conditions such as multiple focal 
splenitis (1), atelectasis, patchy pneumonic infiltrations, nontuberculous sub- 
cutaneous abscesses and nontuberculous lymphadenopathy. Such errors may 
be precluded by the microscopical examination of tissues. The most important 
reasons for routine microscopical examination of tissues are the obvious fact 
that lesions will be found, especially in treated animals, that would otherwise 
be missed and the further fact that deterrent effects of effective compounds may 
be noted in the structural characteristics of the lesions. The recognition of 
nonprogressive or regressive tuberculous lesions supplies information of much 
importance regarding infected animals treated with a chemotherapeutic agent. 
Unless all tissues, especially those from animals in which lesions are grossly absent 
or minimal in extent, are examined microscopically, an inaccurate and inade- 
quate concept may be formed concerning the extent and nature of the pathologi- 
cal changes present. Since the scheme offered for the classification and record- 
ing of lesions requires that progressive lesions be distinguished from those that 
appear to be nonprogressive and since such distinctions are best made when 
lesions are examined microscopically, its adoption would serve to emphasize 
the fact that the pathological characteristics of experimental tuberculosis con- 
sist of considerably more than what can be seen by examining tissues grossly. 


SUMMARY 


The need for a satisfactory scheme for expressing numerically the tuberculous 
changes in experimentally infected guinea pigs is emphasized. Such a scheme, 
if generally acceptable, would be especially useful in studies of the effects in 
vivo of chemotherapeutic agents. A suggested scheme is described, the essential 
feature of which is the recognition of the fact that in guinea pigs, as in other 
species, tuberculous lesions may be progressive or nonprogressive. These 
distinctions can be noted in material examined microscopically from animals 
treated with certain organic compounds, especially those that have a sulfone 
nucleus. It seems logical to assign a greater number of units of tuberculosis 
to lesions that are progressive than to those that are inactive or arrested. Arbi- 
trarily the maximal theoretical amount of tuberculosis possible in any one 
animal is considered as 100 units. However, in the scheme proposed, animals 
in which the total number of tuberculous units does not exceed 9 may be recog- 
nized as those without lesions of progressive disease. 


SUMARIO 


Recdlcase en este trabajo la necesidad de contar con un esquema satisfactorio 
para expresar numéricamente las alteraciones tuberculosas en los cobayos in- 
fectados experimentalmente. Ese esquema si fuera aceptado generalmente 
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resultaria en particular util en el estudio de los efectos de los elementos quimio- 
terapéuticos in vivo. Propdénese y describese ahora un plan cuya caracteristica 
esencial consiste en el reconocimiento de que en los cobayos, lo mismo que en 
otras especies, las lesiones tuberculosas pueden ser 0 no evolutivas. Esa dis- 
tincién puede observarse al examinar microscépicamente el material procedente 
de los animales tratados con ciertos compuestos orgénicos, y en particular los que 
contienen un nticleo de sulfona. Parece légico asignar un nimero mayor de 
unidades tuberculosas a las lesiones evolutivas que a las inactivas 0 estacionadas. 
Arbitrariamente considérase que la cantidad tedérica mdxima de tuberculosis 
posible en cualquier animal representa 100 unidades. Sin embargo, el esquema 
propuesto permite reconocer a los animales en los cuales el ntimero total de 
unidades tuberculosas no pasa de 9 como animales sin lesiones evolutivas. 


REFERENCE 
(1) Fetpman, W. H.: Multiple focal splenitis of guinea pigs, Am. J. Path., 1929, 5, 371. 
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PROMIN IN EXPERIMENTAL TUBERCULOSIS 


Comparative Results of Continuous and of Intermittent Treatment of Tuberculous 
Guinea Pigs with Sodium p, p’-Diaminodiphenylsulfone-N , N’- 
Didextrose Sulfonate (Promin) 


WILLIAM H, FELDMAN! anp H. CORWIN HINSHAW? 


Previous reports (1, 2, 3, 4) have established that a compound of the sulfone 
series, known as sodium p ,p’-diaminodiphenylsulfone-N , N’-didextrose sulfonate 
(conveniently referred to as promin), is capable of exerting an impressive thera- 
peutic effect on experimentally induced tuberculosis in guinea pigs. Of con- 
siderable importance was the fact that in our work desirable effects could be ob- 
tained even though the beginning of treatment was delayed until six weeks after 
the animals had been inoculated with tubercle bacilli. 

When the experience obtained in our experimental studies on guinea pigs was 
utilized in treating tuberculosis in patients with promin we were confronted with 
the fact that human beings tolerate, with safety, relatively smaller doses of the 
drug than do guinea pigs. Consequently it has been found expedient in treating 
patients to vary the dose, depending on individual tolerance. This has been ac- 
complished in many instances by interrupting the administration of the drug for a 
period of one week. Usually this is sufficient time for the disappearance of the 
more serious objective signs of toxicity. From the point of view of therapeutic 
efficacy, the effect of interruption of the administration of the drug would be 
expected to be less than would follow if, as in tuberculous guinea pigs, the treat- 
ment could be continuous. In order to obtain data on the effectiveness of promin 
in treating tuberculous guinea pigs by the regular interruption of the dose sched- 
ule, the following experiment was done. 


METHODS‘ 


A series 71 adult guinea pigs was selected and each animal was inoculated sub- 
cutaneously with 0.0005 mg. of a human strain of tubercle bacilli (H387RV). 
Forty-two days later all animals were found to react to tuberculin administered 
intracutaneously. The guinea pigs were divided into three groups as follows: 
group 1, 31 animals, untreated controls; group 2, 20 animals,’ received promin 
daily orally with the feed; and group 3, 20 animals, received promin orally with 
the feed every alternate week. The promin was kindly supplied through the 
courtesy of Dr. E. A. Sharp and Dr. L. A. Sweet, of Parke, Davis & Company, 
Detroit. The experiment was terminated when the last of the untreated or 
control group of animals died. This was two hundred twenty-four days after 


1 Division of Experimental Medicine, Mayo Foundation, Rochester, Minnesota. 

2 Division of Medicine, Mayo Clinic, Rochester, Minnesota. 

3 The toxic manifestations of promin administered orally to tuberculous patients have 
been described in previous reports (5, 6). 

4 Since the essential details of the procedure followed in this experiment were the same 
as those given in our previous reports, they need not be repeated here. 

5 Group 2 was also utilized in another experiment in which by biopsy procedures the 
presence or absence of tuberculous lesions before and after treatment was observed. 
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inoculation with tubercle bacilli. The period of treatment of the two groups that 
received promin was one hundred eighty-two days. At the time of necropsy, 
tissues from the liver, spleen, lungs, sites of inoculation and, when affected 
grossly, the contiguous lymph nodes were preserved for histological examination. 


RESULTS 


Survival time: There was a considerable difference in the survival time of the 
two groups of animals that were treated and those that were not treated. When 
the last of the untreated controls died, two hundred twenty-four days after in- 
fection, only 18.7 per cent of the animals that had received promin daily had died. 
Of those treated every alternate week the mortality rate was 33.3 per cent 
(chart 1). With one possible exception the cause of death of the untreated con- 
trols was tuberculosis. The exception noted was a guinea pig that died ninety- 
six days after being inoculated. At necropsy the demonstrable tuberculosis in 
this animal consisted of minimal lesions in the spleen and involvement of the site 
of inoculation. In the group treated daily with promin the cause of death of 2 
of the 3 animals that died was not evident. The cause of death of the third 
animal in this group that died before the experiment was terminated was un- 
questionably tuberculosis. The disease in this instance was extensive and 
severe. 

Six guinea pigs of the group that were treated every other week died. Only 
one of these had sufficient tuberculosis to account for death. This animal died 
one hundred forty-two days after infection and had marked tuberculosis of the 
liver and spleen and hydrothorax. The reason for the death of the other 5 ani- 
mals was not apparent. 

Relative amounts of tuberculosis in respective groups: The quantity of tubercu- 
lous involvement and the character of the tuberculous changes were determined 
in all instances by the microscopical examination of the spleen, liver and lungs. 
For the purpose of comparison, a more or less arbitrary scheme for expressing the 
amount of infection numerically was followed. By this scheme the maximal 
amount of tuberculosis possible in any one animal is 100. This figure is obtained 
by grading lesions on the basis of their progressive or nonprogressive character 
and the extent of involvement of tissues of predilection.’ By this method the 
numerical index of infection for each of the three groups of guinea pigs was as 
follows: untreated controls, 88; treated with promin daily, 11.2; treated with 
promin in alternate weeks, 15.3. The differences in the amounts and severity of 
the tuberculous changes in the three groups of guinea pigs are shown graphically 
in chart 1. 

The results indicate (1) that there was a high percentage of guinea pigs in the 


6 Four of the animals in the group that were treated daily died as a direct result of lapa- 
rotomy performed one week after treatment was started. Also 2 of the animals treated 
every alternate week died on the fifty-fifth and fifty-ninth day, respectively, after receiving 
treatment for only one week. In computing the percentages of mortality in these two 
groups the above-mentioned animals were omitted. 

7 This method for determining the numerical index of infection is described in detail in 
another paper (7). 
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untreated or control group whose spleens, livers and lungs were affected with 
severe tuberculosis; (2) that both groups treated with promin had impressively 
less tuberculosis than the untreated controls; and (3) that, although the drug was 
most effective in those animals that received treatment continuously after the 
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CuartT 1. Relative mortality rates and comparative amounts and severity of tuberculosis 
in guinea pigs, one group of which was not treated, one group was treated daily and one 
group was treated every alternate week. 


forty-second day, favorable effects, although less striking, occurred when the drug 
was given intermittently. 

Lesions of tuberculosis were readily demonstrated in each of the 31 animals in 
the untreated controls. On the other hand, lesions of tuberculosis were not 
found grossly or microscopically in 37.5 per cent of the animals that received 
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promin daily, while demonstrable lesions were absent in only 5.5 per cent of the 
animals that received promin every alternate week. 

Of much significance was the large number of animals in each of the treated 
groups in which the lesions of tuberculosis were nonprogressive or arrested. Of 
the 16 guinea pigs that were treated daily, progressive lesions were found in 
only 3, while in the group of 18 guinea pigs treated every alternate week, changes 
indicative of progression occurred in 6. 


COMMENT 


Certain information obtained from this study may be of importance in the 
consideration of chemotherapy as applied to clinical tuberculosis. That a 
chemotherapeutic agent is capable of exerting an impressive deterrent effect on 
experimental tuberculosis of guinea pigs, even though the drug is administered 
only every alternate week, indicates that the therapeutic gains obtained during 
the period of medication are not lost during short periods when the drug may be 
withheld. This suggests that, in the management of patients who may tolerate 
unsatisfactorily the full therapeutic dose of a drug, short periods when no drug is 
given can be allowed without necessarily jeopardizing the opportunities for a 
therapeutic effect. The weakness of this reasoning is the fact that the toxic 
limitations of most compounds of the sulfone series investigated so far preclude 
doses to most human beings that are at all comparable to the doses tolerated by 
guinea pigs. While the evidence in this report provides acceptable reasons for 
believing that the compound used (promin) will have an effective therapeutic 
action, even though a tuberculous guinea pig is given the drug only every other 
week, it is obvious that comparable evidence concerning human beings treated 
similarly is not easily assembled. However, the fact that desirable results did 
occur in guinea pigs during an intermittent course of treatment with one of the 
sulfone compounds provides information of basic importance. 

The results of this experiment also serve to emphasize the tuberculo-therapeutic 
potential of certain derivatives of 4,4’-diaminodiphenylsulfone. The conditions 
of the experimental method in this instance would appear to give the infection 
unusual advantage. The beginning of treatment was delayed until six weeks 
after the animals had been inoculated with tubercle bacilli and the treatment, 
instead of being continuous, was interrupted by weekly periods when no drug was 
given. That the infection was capable of lethal possibilities was established by 
the fact that, with one possible exception, the 31 animals that were not treated all 
died with sufficient tuberculosis to account for death. 

These facts provide additional reasons for a continuation of the search for 
perhaps more potent and preferably less toxic compounds. 


CONCLUSION 


Promin, a derivative of 4,4’-diaminodiphenylsulfone, is capable of exerting a 
favorable therapeutic effect on tuberculous guinea pigs even though treatment is 
delayed for six weeks after infection and the treatment is given only every alter- 
nate week. 
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CONCLUSIONES 


La promina, derivado de la 4,4’-diaminodifenilsulfona, es capaz de producir 
un efecto terapéutico favorable en los cobayos tuberculosos aunque se demore 
el tratamiento hasta seis semanas después de la infeccién y sdélo se administre 
cada dos semanas, 
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THE EFFECTS OF SECONDARY MICROORGANISMS ON 
EXPERIMENTAL TUBERCULOSIS IN RABBITS! 


Part II 
HILDRUS A. POINDEXTER 


In a previous article submitted to the Review the observed effects of certain 
commonly found non-acid-fast microérganisms in the sputum of clinical cases of 
pulmonary tuberculosis on the clinical course of experimental tuberculosis in 
guinea pigs were reported. Guinea pigs are normally highly susceptible to ex- 
perimental tuberculosis, but the presence of small numbers of fully virulent 
Streptococcus mitior vel viridans of Schottmiiller, Staphylococcus aureus or their 
extracts in combination or alone, when injected with Mycobacterium tuberculosis 
into guinea pigs, significantly changed the course of the disease, resulting in a 
more rapidly fatal termination with more extensive and destructive tissue al- 
terations. 

This article reports the observations on the clinico-pathological changes in 
rabbits when “secondary” microérganisms, similar to those used in the previous 
experiments, are injected. Rabbits normally do not show marked clinical 
tuberculosis following inoculations with the human varieties of Mycobacterium 
tuberculosis. 

The main experiments consisted of the use of 47 adult rabbits of more than 
1,900 g. each. They were divided into five series of 7 animals each with 2 or 
more additional rabbits used for controls or for confirmation purposes in each 
series, in order to insure the significance of observed clinico-pathological changes. 

Series I, shown in table 1, shows the reactions of adult rabbits to subcutaneous 
injections of 9.5 cc. of a suspension containing one million fully virulent human 
Mycobacterium tuberculosis organisms. All inoculations were made in the right 
groin. Animals 2 and 7, marked with an asterisk, were inoculated with H37 
Mycobacterium tuberculosis; the others in this series were inoculated with Myco- 
bacterium tuberculosis isolated from patients with pulmonary tuberculosis in the 
Annex of Freedmen’s Hospital. These organisms were isolated and grown on 
Loewenstein’s medium prior to inoculation into the experimental animals. This 
first series serves as a control group for the reactions of our stock rabbits to the 
inoculations of Mycobacterium tuberculosis alone. 

The first column in the tables shows the animal’s number. The second column 
represents the length of time in days between the original inoculation and death 
from the disease or time when the animal was sacrificed, which in the case of all 
animals of this first series was one year after the original inoculation. The third 
column represents the presence (+) or absence (—) of ulcerations at the site of 
the original inoculation observed either before death or at autopsy. The fourth 
column represents the presence or absence of Mycobacterium tuberculosis at 


1From the Department of Bacteriology, Preventive Medicine and Public Health of 
Howard University and Freedmen’s Hospital, Washington, D. C. 
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TABLE 1 
Rabbits inoculated with pure cultures of Mycobacterium tuberculosis 
ULCERATION AT| PRESENCE OF MYCOBACTERIUM PRESENCE OF “‘SECONDARY”’ 
RABBIT DEATH SITE OF TUBERCULOSIS IN S, LN, SP, ORGANISMS IN S, LN, SP, 
NUMBER INOCULATION L anv O AT AUTOPSY L AnD O AT AUTOPSY 
days 
(Kidney) 
SP 
(Lungs) (Lungs) 
+ | SP. + 
(Lungs and kidney) (Kidney) 
* See text. 
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autopsy at the site of the inoculation (S) in the regional lymph nodes (LN), the 
spleen (SP), the liver (L) or in other tissues, such as the bones, joints, brain, 
lungs, etc. (O). The fifth column represents the presence or absence of non- 
acid-fast organisms at the various sites mentioned above. The correct inter- 
pretation of these non-acid-fast “secondary” organisms is an important part of 
the experiment. This is especially true in series II to V. The autopsies in each 
case were done sufficiently early after death to prevent most of the “secondary” 
invasions from the intestinal and respiratory tracts. 

In rabbit number 1 of table 1, coliform organisms were isolated from the liver 
along with Mycobacterium tuberculosis. In rabbit number 5 of table 1, strep- 
tococci were isolated from the lungs along with Mycobacterium tuberculosis. 
The tuberculin tests were inconstantly positive in four of the rabbits in this 
series; namely, numbers 1, 5, 6 and 7, at various times during the year since in- 
fection. The resistance of rabbits to Mycobacterium tuberculosis is primarily 
one of nonreception of the animal tissue to the microérganism. It is not a steri- 
lizing immunity, since the organism may remain viable in the rabbit for at least 
one year with almost insignificant cellular or humoral response. The condition 
is one of latent active infection without progressive disease. 

The experiments in series II were designed to show the effects of subcutaneous 
injections of equal numbers of Monilia candida and Mycobacterium tuberculosis 
into adult rabbits. The injections consisted of 0.5 cc. of a suspension containing 
500,000 fully virulent tubercle bacilli and 500,000 moniliae. Monilia candida 
is not infrequently observed in the sputum from pulmonary tuberculosis and, 
when reported, its significance is often misinterpreted by the clinician. Monilia 
candida is normally not pathogenic for man and should not be confused with the 
pathogens causing pulmonary moniliasis. The animal inoculations in this series 
were made in the same manner as those of series I. The results of series II are 
shown in table 2.. These animals were sacrificed at the end of one year after the 
injection because none of them died of moniliasis or tuberculosis within that time. 

Monilia candida injected subcutaneously into rabbits, even in large doses, did 
not produce a progressive systemic moniliasis. Transient localized abscesses 
sometime developed at the site of the inoculations and in the adjacent tissues. 
Complete healing occurred. The monilia was entirely destroyed—a type of 
“sterilizing” immune response. Skin tests by injection of the aqueous extracts 
of Monilia candida gave negative reactions in the rabbits throughout the experi- 
ment. This was true whether the animals were previously injected with Myco- 
bacterium tuberculosis and Monilia candida organisms together or with Monilia 
candida alone. 

Staphylococci are practically always found in the mouth in pulmonary tuber- 
culosis. In this third series the virulence, or potential virulence, of Staphylococ- 
cus aureus—especially of the beta-haemolytic variety—in upper respiratory dis- 
ease is emphasized. Any significant findings in the report from this series may 
be beneficial to the clinician who far too often underestimates the synergistic 
importance of diffused Staphylococcus aureus infection in the upper respiratory 
tract of clinical cases of pulmonary tuberculosis. The reémphasis of the impor- 
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TABLE 2 


Rabbits inoculated with pure cultures of Mycobacterium tuberculosis and Monilia candida— 


Hansen and Berkhout 


ULCERATION AT| PRESENCE OF MYCOBACTERIUM PRESENCE OF “SECONDARY” 
a DEATH SITE OF TUBERCULOSIS IN S, LN, SP, ORGANISMS IN S, LN, SP, 
INOCULATION L AND O AT AUTOPSY L AND O AT AUTOPSY 
days 
(Kidney) 
(Kidney) 
(Lungs and kidney) (Kidney) 


* See text. 
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tance of Staphylococcus aureus, either as a diffused or localized (focal) infection, 
should be of value in clinical management of pulmonary tuberculosis. 

Table 3 presents the major clinico-pathological observations on a series of 
rabbits in which Mycobacterium tuberculosis and Staphylococcus aureus were in- 
jected together. The injection consisted of 0.5 cc. of a suspension containing 
500,000 fully virulent tubercle bacilli and Staphylococcus aureus grown separately 
and mixed at the time of injection. The injections were made subcutaneously 
in the right lower quadrant of the abdominal wall. These small doses did not 
cause death of the rabbits within one year, but 4 out of every 7 were markedly 
emaciated. All were sacrificed at the end of one year. Lesions were widely 
distributed. From the multiple abscesses Mycobacterium tuberculosis, Staphylo- 
coccus aureus and, in some instances, other “secondary” invaders were isolated. 
This differed from the control animals injected with equivalent numbers of 
Staphylococcus aureus alone, which at the end of one year looked healthy and at 
autopsy only rarely showed pyemic areas. Clinically they had recovered en- 
tirely, even though immediately following the inoculation this control group had 
developed local abscesses and ulcerations similar to those in the main series 
shown in table 3. The response of adult rabbits injected with small numbers of 
Staphylococcus aureus was one of complete “sterilizing”? immunity. Thepres- 
ence of the Mycobacterium tuberculosis and the haemorrhagic power of its nucleo- 
protein fraction altered the efficacy of that response. The leucocidin produced 
by Staphylococcus aureus did not severely injure the macrophages which played 
the major réle in the walling off of Mycobacterium tuberculosis. This toxic 
fraction did however interfere with effective polymorphonuclear leucocytic 
response to the mixed injection of the Staphylococcus aureus and Mycobacterium 
tuberculosis. Since the initial response was polymorphonuclear leucocytic, the 
action of the leucocidin interferred with the primary defense and permitted a 
much wider and more rapid spread of infection by Mycobacterium tuberculosis 
than was observed in animals injected with Mycobacterium tuberculosis without 
the Staphylococcus aureus. 

The tubercles found in the animals of series III were imperfectly formed and 
Mycobacteria tuberculosis, although in relatively small numbers, were diffused 
into the tissues around the pyemic localization where staphylococci were found. 
Mycobacterium tuberculosis was also found in the pus of the various foci where 
staphylococci were incompletely walled off. The constant finding of Mycobac- 
terium tuberculosis in lung tissue was not commonly associated with definite 
histopathological tubercles. The pelves of the kidney were susceptible areas 
for the staphylococci, even though Mycobacterium tuberculosis was not readily 
found there. In the animals showing osteomyelitis there were generally wide- 
spread ulcerating lesions with several ‘‘secondary”’ organisms including Escher- 
ichia coli, Staphylococcus aureus and saprophytic spirochetes. Mycobacterium 
tuberculosis was not demonstrated in these areas by direct microscopical study 
but was shown to be present in one case by inoculation into guinea pigs. 

A relatively slow growing alpha-haemolytic streptococcus was frequently seen 
in the sputum obtained from sinus washing or other foci connected with the 


TABLE 3 


Rabbits inoculated with pure cultures of Mycobacterium tuberculosis and Staphylococcus 
aureus—Rosenbach, 1884 


ULCERATION AT PRESENCE OF MYCOBACTERIUM PRESENCE OF ‘‘SECONDARY”’ 
Fo DEATH SITE OF TUBERCULOSIS IN S, LN, SP, ORGANISMS IN S, LN, SP, 
INOCULATION L AND O AT AUTOPSY L anv O AT AUTOPSY 
days 
SP... . — | SP.. 
(Lungs) (Lungs and kidney) 
(Lungs) (Lungs, kidney and bones) 
(Lungs) (Lungs, kidney and bones) 
(Lungs) (Lungs, kidney and bones) 
(Lungs) (Lungs, kidney and bones) 
(Lungs) (Kidney) 
(Lungs) (Lungs, kidney and bones) 
* See text. 
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mouth or nose of patients with pulmonary tuberculosis. The frequent identi- 
fication of these streptococci as Streptococcus mitior vel viridans prompted us to 
determine the clinico-pathological reactions of rabbits to experimental inocula- 
tion of pure cultures of Streptococcus viridans and Mycobacterium tuberculosis. 

This series of adult rabbits was inoculated with 0.5 cc. of a suspension contain- 
ing 500,000 fully virulent tubercle bacilli and 500,000 streptococci. The injec- 
tions were made subcutaneously into the right lower quadrant of the abdominal 
wall. A small dose, containing 500,000 Streptococcus viridans organisms, when 
injected subcutaneously into healthy adult rabbits, generally did not cause 
their death within one year. Nevertheless the selective affinity of the organism 
to proliferate in joints or the selective action of its endotoxin frequently renders 
the rabbit incapable of free movement, sometime resulting in ulceration of the 
joints. The animals frequently become emaciated and die of secondary pul- 
monary infection by gram-negative rods. In this series only 3 of the rabbits 
died before the end of one year. The rest were sacrificed at the end of one year. 
All animals in this series showed loss of weight and interference with free leg 
movement. The 3 that died before the end of the year showed ankylosis of one 
or both of the hip joints with accompanying osteomyelitis and synovitis. Table 
4 shows the main clinico-pathological reactions from these inoculations. 

In the four preceeding series pure cultures and known numbers of organisms 
have been inoculated into the experimental animals. In each instance the or- 
ganisms had been isolated and grown in pure culture for several subcultures. 
Staphylococcus aureus and Streptococcus viridans definitely altered the clinico- 
pathological reaction of adult rabbits to experimental tuberculosis. The poten- 
tiation value was generally not sufficient to cause death within one year, but the 
lesions were much more extensive and Mycobacterium tuberculosis was found more 
widely spread and in larger numbers. 

In this fifth series the material inoculated was 0.5 cc. of undigested sputum 
freshly obtained from a case of active pulmonary tuberculosis (patient A.F. 
#5182) confined to the Tuberculosis Annex of Freedmen’s Hospital. The spu- 
tum contained the following organisms: 


Mycobacterium tuberculosis—Gafiky 5 
Alpha-haemolytic streptococcus 
Staphylococcus aureus 

Haemophilus influenzae 

Micrococcus catarrhalis 

Saprophytic spirochetes 


The injections were made subcutaneously in the right lower quadrant of the ab- 
dominal wall. 

Table 5 shows the chief clinico-pathological observations in this series. All 
of the animals in this series died before the end of one year following the inocula- 
tions. The synergistic effect proved fatal. The autopsy findings of this 
rapidly progressive disease in these animals showed that the spread of the lesions 
was not due to the pyogenic cocci alone but that Mycobacterium tuberculosis 
was wide-spread, even in those animals that died as early as the forty-seventh 
day after the inoculation. 
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TABLE 4 


Rabbits inoculated with pure cultures of Mycobacterium tuberculosis and 
Streptococcus viridans—Schottmiiller, 1903 


RABBIT ULCERATION AT PRESENCE OF MYCOBACTERIUM PRESENCE OF “‘SECONDARY”’ 
aie DEATH SITE OF TUBERCULOsIS IN S, LN, SP, ORGANISMS IN S, LN, SP, 
INOCULATION L AND O AT AUTOPSY L AND O AT AUTOPSY 
days 
| 
SP . — | SP. + 
| SP . + | SP. + 
| | 0 + 
* See text. 
The haemorrhagic power of the nucleoprotein fraction of Mycobacterium tuber- 
culosis was evidently permitted to act in those animals whose resistance had been 
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TABLE 5 
Rabbits inoculated subcutaneously with 0.5 cc. of undigested sputum from A.F, #6182 
ee ULCERATION AT | PRESENCE OF MYCOBACTERIUM PRESENCE OF “‘SECONDARY”’ 
NUMBER DEATH SITE OF TUBERCULOsIs IN S, LN, SP, ORGANISMS IN S, LN, SP, 
INOCULATION L AND O AT AUTOPSY L AND O AT AUTOPSY 
days 

SP... | BP... 

. +1] SP... + 


broken by the multiple infections. 


The actions of Micrococcus catarrhalis and 
saprophytic spirochetes were local since they were not isolated from the internal 
organs. The other four organisms were found in varying numbers in different 
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tissues. Even the Haemophilus influenzae was wide-spread in the tissues. 
When Haemophilus influenzae alone in doses of this size is injected subcutaneously 
into adult rabbits the organisms are rapidly destroyed locally and only a slight 
ecchymotic area remains after four to six days. A generalized infection does not 
result. 


DISCUSSION 


The most significant potentiation of this series of rabbits infected with Myco- 
bacterium tuberculosis appears to be the Streptococcus viridans; it is inman a rather 
subtile pathogen. One might be inclined to consider it as a harmless parasite if 
it were not for the evidence that this organism and some other methaemoglobin- 
producing cocci play a definite réle in the elective sensitization of certain capillary 
end-organ sites, such as the valves of the heart and of the endothelially lined 
cavities. These methaemoglobin-producing cocci are the most commonly 
found organisms in subacute bacterial endocarditis, infectious arthritis and 
nonsyphilitic inflammation of the linings of the joint cavities and bursae. The 
relationship of these cocci to many inflammatory reactions in mesothelially and 
endothelially lined cavities may frequently be shown by the allergic inflammatory 
response of the linings of many of these cavities when massage or manipulation 
of foci of these methaemoglobin-producing cocci permits the free escape of the 
partially circumscribed endotoxigenic area. The relationship of focal infections 
with sensitizing cocci to general systemic diseases warrants further study. 
Abscesses of teeth, tonsils, sinuses or prostate should be actively treated along 
with the active therapy for pulmonary tuberculosis, whenever they exist in the 
same patient. 


SUMMARY AND CONCLUSION 


Rabbits injected subcutaneously with small and moderately large doses of the 
human variety of living Mycobacterium tuberculosis do not show progressive 
disease. The simultaneous or subsequent injections of Monilia candida or 
small doses of Staphylococcus aureus do not change the clinical course of latent ac- 
tive Mycobacterium tuberculosis infections in rabbits to a progressive disease, 
even though the Staphylococcus aureus produces local ulcerations and synergis- 
tically contributes to the nonfatal spread and the corresponding tissue damage 
by Mycobacterium tuberculosis. 

Streptococcus viridans or Streptococcus haemolyticus, separately, together or in 
combination with other more commonly found upper respiratory microérganisms, 
will convert a latent active disease of rabbits inoculated with Mycobacterium 
tuberculosis into a progressively fatal disease with extensive involvement of 
many parts of the body. 


SUMARIO Y CONCLUSION 


Los conejos infectados subcuténeamente con dosis pequefias y moderadamente 
grandes de la variedad humana del Mycobacterium tuberculosis vivo no revelan 
enfermedad evolutiva. Las inyecciones simultdéneas o subsecuentes de Monilia 
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candida o las pequeiias dosis de Staphylococcus aureus no modifican la evolucién 
clinica de las infecciones activas latentes producidas por el Mycobacterium 
tuberculosis, convirtiéndolas en enfermedad evolutiva, aunque el Staphylococcus 
aureus produce tlceras locales y contribuye sinérgicamente a la propagacién no 
letal y la correspondiente lesién histolégica por el Mycobacterium tuberculosis. 

El Streptococcus viridans o el Streptococcus haemolyticus, ya por separado, 
juntos o combinados con otros microbios mas habituales de las vias aéreas 
superiores convertirén una afeccién activa latente de los conejos inoculados con 
Mycobacterium tuberculosis en una enfermedad rapidamente fatal con invasién 
generalizada de muchas partes del cuerpo. 
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AMERICAN TRUDEAU SOCIETY 
Report of the Committee on Industrial Tuberculosis 


Dr. Leopold Brahdy, Chairman 
Dr. Leroy U. Gardner Dr. Herman E. Hilleboe 
Dr. Everett K. Geer Dr. Arthur J. Vorwald 


Control of tuberculosis in hospitals: Some hospitals have thorough and efficient 
tuberculosis case-finding among the physicians, nurses, students, attendants, 
kitchen workers and other employees. It is deplorable that in other hospitals 
case-finding is neglected. 

In nine states, the Workmen’s Compensation Laws require hospitals to pay 
disability pensions if a hospital employee acquires tuberculosis because of con- 
tact with patients in the hospital. The early discovery of these cases of occu- 
pational tuberculosis shortens the duration of the illness and, therefore, de- 
creases the required payments by the hospital. This obviously benefits both 
the ex-employee and the hospital. Frequently, hospital compensation pay- 
ments are not made directly by the hospital but by an insurance company to 
whom the hospital pays an annual premium. Because of this indirect method 
of paying compensation, some administrators fail to understand the direct 
financial gain to the hospital when the disability from occupational tuberculosis 
is minimized by periodic examinations. In these nine states, no matter which 
method of paying compensation is used, the employing hospital, as well as the 
employee, has a major direct benefit from tuberculosis case-finding among per- 
sonnel. 

Except in tuberculosis sanatoria, there is a third party vitally interested in 
case-finding among hospital personnel. That third party is the patient in the 
hospital. It is the proud slogan of hospital administrators that the welfare of the 
patient is the primary consideration in every effort and every expense of the 
institution. Among the objectives for which much work and money are ex- 
pended in hospitals is the prevention of infection of one patient by another, 
commonly called cross-infection. This is specially true of institutions to which 
children are admitted. The money and effort have been expended with good 
results—cross-infections of acute diseases are now rare. Yet some of these 
hospitals which have complete safeguards against acute infections of one patient 
by another, have only mediocre safeguards against tuberculous infections of their 
patients by hospital personnel. 

Tuberculosis case-finding in our hospitals has a threefold purpose: (1) safe- 
guarding patients in the hospital by discovering the open disease in the per- 
sonnel and in patients, thus preventing them from infecting other patients; 
(2) safeguarding hospital employees by (a) minimizing the chances of infection 
of an employee by a fellow employee or by a patient and (b) where disease does 
exist by discovering it in the early stage in which recovery is likely in a relatively 
short time; (3) safeguarding hospital finances by decreasing the hospital ex- 
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penditures for compensation for occupational tuberculosis. The hospital direc- 
tors, the patients and the employees of a recognized hospital should have some 
assurance that tuberculosis prevention is in effect in their institution. Much 
could be accomplished by requiring hospitals to use preventive measures of a 
minimum standard. It is hoped that such a requirement will be one part of the 
standards for hospital approval or registration as now established by the Amer- 
ican College of Surgeons and the Council on Medical Education and Hospitals 
of the American Medical Association. 

It is a function of the American Trudeau Society to recommend standards 
for such intramural institutional tuberculosis prevention for consideration by 
these organizations which have effectively maintained high hospital standards 
in other aspects. In proposing them, consideration was given to overburdened 
personnel and decreased equipment resulting from the war emergency and to 
the liabilities of some hospitals under compensation laws. These procedures 
are economical for any hospital having such liabilities. 

The efficiency of the case-finding has been graded over four periods so that 
during the emergency it will not place any more work on a hospital than is ab- 
solutely essential for the safety of the patients. 


I. Minimum Standard during the Emergency Years 


A chest roentgen examination of every new employee (including new staff 
members) prior to beginning employment or within one week. Hospitals in 
which this minimum standard is in use before the end of the emergency continue 
on this same standard until one year after the emergency has ceased. 


Il. Minimum Standards during the First Year after the War Emergency 


Hospitals must make a roentgen examination of 
A. Every new employee as in I. 
Hospitals which previously did not have minimum standards I also 
must have 
B. Roentgen examination of every employee who began work after the date 
of the War Emergency ceased. 


Ill. Minimum Standards for the Second Year after the War Emergency 


Hospitals must have roentgen examinations of all employees who began work 
since the War Emergency (as in II). 
On all new employees hereafter there shall be: 


1: A recorded clinical history with specific reference to previous tuberculosis contact. 
2. Mantoux test with standardized tuberculin. 
3: A chest roentgen examination. 


Employees who are tuberculin-positive to have the roentgen examination 
repeated at least once every year. 

Those tuberculin-negative to be retested every three months until positive, 
then kept under observation. 
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IV. Third Year after the War Emergency 


1. Employee examination requirements as above in III. 

2. The institution must designate an epidemiologist or a physician experienced 
in tuberculosis for the duty of supervising case-finding and prevention of tuber- 
culosis within the institution. 

3. Routine chest roentgen examination of adult patients admitted and not sus- 
pected of having pulmonary disease. For the current and the fourth year after 
the emergency the supervising physician designated by the hospital shall select 
which categories of patients are to have routine chest examination on admission, 
but they shall constitute not less than 20 per cent of ail adult patients admitted 
to the hospital. 

In subsequent years the percentage will be increased or the categories desig- 
nated. 

4. The hospital shall have written regulations for isolation of open cases of 
tuberculosis and for disposal of sputum and fomities. The supervising physi- 
cian shall enforce these regulations. 


AMERICAN TRUDEAU SOCIETY 
Report of the Committee on Medical Information 
Dr. Philip H. Pierson, Chairman 


Dr. Grover C. Bellinger Dr. Robert E. Plunkett 

Dr. Miriam Brailey Dr. Paul H. Ringer 

Dr. Robert O. Brown Dr. Kenneth M. Soderstrom 
Dr. Victor Montoya Dr. Edward K. Steinkopff 


Dr. James T. Villani 


I wish to take this opportunity to thank the members of the Committee on 
Medical Information for their very generous willingness and coéperation. 
With but few exceptions we have had at least one paper a month on medico- 
social problems for publication in the BULLETIN. 

The problems which have been discussed have been ones which I feel had a 
constructive nature and not merely a historical summary of facts. The object 
in all of these papers has been to show that, with a clearer understanding of many 
of the different aspects of tuberculosis and coéperation with social agencies, the 
problems of the tuberculous individual and tuberculosis as a whole have been 
more clearly approached. An article that is now in the making will deal with 
the employment of tuberculous patients by industry. In this rush for man- 
power many tuberculous individuals have been employed indiscriminately 
and their tuberculosis has become active. This makes our problem of placing 
tuberculous individuals much more difficult in the future because of the criticism 
that tuberculous cases cannot go back to work. Dr. William P. Shepard will 
discuss it from the medical point of view and we hope that Mr. Kaiser will 
discuss it from the point of view of the industrialist. This has not been finally 
settled, however. i 

I think it would be of great help if the Committee could meet at the begin- 
ning of the year and have a more thorough discussion of the type of papers to 
be written and possible authors. It probably would not be necessary to have a 
subsequent meeting, but I think one at the beginning would be most beneficial. 
All of our work has been done by correspondence. 
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AMERICAN TRUDEAU SOCIETY 
Report of the Committee on Educational Literature 


Dr. E. 8. Mariette, Chairman 
Dr. J. Emerson Dailey Dr. H. McLeod Riggins 


Since our last report was submitted the Committee on Educational Literature 
has considered four additional pamphlets entitled 


(1) How to Kill Tuberculosis Germs 

(2) The X-ray Promotion Kit 

(3) Defend Yourself against Tuberculosis 
(4) Steps to Safety. The Tuberculin Test 


In addition the Committee now has under consideration a manuscript for, a 
manual entitled Pointers for Nurses in the Home Care of Tuberculosis. The 
Committee report on that will be sent as soon as the Chairman has received 
comments from the other two members of the Committee. 

The recommendations made in the previous report are again endorsed with 
the hope that the Council will give careful consideration towards adopting them. 

This Committee has been in existence three years, and it is particularly grati- 
fying to the present Chairman that according to reports from the National 
Office there have been no “kick-backs” from the field on the material which has 
been passed on by the Committee. 
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Report of the Committee on Coexistent Syphilis and Tuberculosis 


Dr. Henry D. Chadwick, Chairman 
Dr. Reuben Hoffman Dr. George C. Turner 
Dr. Hyman I. Spector Dr. Henry S. Willis 


I submit the following report for the Committee on Coexistent Syphilis and 
Tuberculosis: 

This Committee has found conditions resulting from the war to be such that 
no extensive studies could be carried on. Only two problems are being followed 
at this time. Dr. Reuben Hoffman, Superintendent of the Henryton Sana- 
torium, Maryland, is preparing a paper based upon the study of the incidence 
of syphilis in Negro patients admitted to that Sanatorium for treatment of tuber- 
culosis from 1934 to 1942. An analysis of the cases with syphilis has been made 
to determine the effect that this disease has on the course of pulmonary tubercu- 
losis. The blanks prepared by the Committee for the extensive survey for 
which plans were made prior to the war will be used by Doctor Hoffman. This 
will afford an opportunity to test them out in a practical way as to their ade- 
quacy or deficiencies. Another phase of the problem is to be studied by Dr. H. 
I. Spector of St. Louis. He will have the opportunity to observe the effect of 
short-term arsenical treatment in syphilitic women by the Army Medical Corps. 
Some of these women will undoubtedly have tuberculosis as an associated dis- 
ease. In such cases the effect of the arsenical on tuberculosis, as well as on 
syphilis, can be studied under well controlled conditions. 

At the moment, the Committee has no report to make further than to say 
that we shall take advantage of any opportunity afforded to carry out other re- 
search projects on this problem. 
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Report of the Committee on Codperation with the American Board of 
Internal Medicine 


Dr. J. Burns Amberson, Chairman 
Dr. Paul P. McCain Dr. William H. Oatway, Jr. 
Dr. Lewis J. Moorman 


Since the last report, the American Board of Internal Medicine has requested 
the advice of the Committee with reference to candidates applying for examina- 
tion in the subspecialty of Tuberculosis. The Committee has given careful 
attention to their request and, on occasion, has received the assistance of physi- 
cians in various parts of the country. 
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